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Aerobic Bacteria Involved in the Retting of Jute 


MowamMab Myser Aut! 


Department of Botany, University of Dacca, Dacca, East Pakistan 


Received for publication June 15, 1957 


Jute, Corchorus capsularis, is the most important 
cash crop of Pakistan. Most of the foreign exchange 
earned comes from the export of jute. For this reason 
jute is popularly called the “golden fiber” of Pakistan. 

A very important step in the jute industry is retting. 
During this process, some microorganisms decompose 
pectins of jute bark and the intervening tissues disinte- 
grate. The pectins are divided into three groups: (a) 
protopectins, (b) pectins, and (c) pectic acids. The 
enzyme protopectinase is known to hydrolyse proto- 
pectin to pectin which is broken down by the enzyme 
pectinase to galacturonic acid and residues. Microor- 
ganisms are capable of producing one or all of these 
enzymes that break down the pectic substances 
(Chaudhury, 1951). 

Adati and Yoshimara (1939) isolated two species of 
aerobic bacteria whose actions on jute stem were not 
studied. Katagiri and Makahama (1940) isolated an 
anaerobic bacillus, Bacillus cerchorus n. sp., which 
retted jute stems. Patel and Ghosh (1943) reported 
accelerating effects of different salts on jute retting. 
Baruah and Baruah (1947) reported actions of ex- 
tracted enzymes from some bacteria on jute. The bac- 
terial enzymes were reported to have caused the 
maceration of the tissues by attacking the middle 
lamella and breaking pectin. The enzymes could ret 
jute, coconut, and ramie within a period which varied 
from 1 to 7 days. Bacillus comesii Rossii, an aerobic 
sporeforming rod has been utilized industrially in 
Italy, France, and Germany for retting flax and hemp. 
Kayser and Delavel (1920) isolated five species of 
aerobic bacteria and one species of anaerobic bacteria 
which were capable of retting flax and hemp. Hauman 
(1902) isolated some bacteria from retted flax stems. 
Patel and Ghosh (1943) also isolated one rod-shaped 
and one oval bacteria from retted jute stem. Deb- 
sharma (1946) isolated some seven species of aerobic 
bacteria of which Bacillus subtilis, Bacillus mesenteri- 
cus, and Bacillus macreans showed retting ability. 
Amiruddin (1951) isolated five aerobes of which none 
was found to ret. 

This investigation was carried over to detect aerobic 
jute retting bacteria. 


‘Present address: Department of Botany and Plant Pa- 
thology, Michigan State University, East Lansing, Michigan. 


MATERIALS AND METHODS 


For the detection of the retting ability of such bac- 
teria, sterile jute-stem-tubes were prepared by intro- 
ducing into test tubes pieces of jute stem 21% in. in 
length and enough distilled water to just cover them, 
and then autoclaving. The tubes were inoculated sepa- 
rately with different! pure aerobic bacteria isolated 
from retted jute obtained from different regions of 
East Pakistan. These inoculated jute tubes were then 
left at room temperature for days to ascertain the 
ability of the bacteria to ret jute. If any stem in the 
inoculated tube was found retted, that is, the pectins 
of the bark of the stem decomposed and the interven- 
ing tissue disintegrated, the bacteria concerned were 
taken as retters. 


RESULTS 


Of the different sporeforming aerobic bacteria identi- 
fied as Bacillus polymixa, Bacillus subtilis, Bacillus 
cereus, Bacillus sphaericus, Bacillus lentus, and Bacillus 
pumilus, the only bacterium found to ret jute was 
Bacillus polymyxa. This bacterium was isolated from a 
sample of jute retted for 10 days that had been col- 
lected from a ditch at the village Gopalpur, Pachbibi, 
Bogra, East Pakistan. 

In February 1955, at a room temperature of 35 to 
37 C, the bacterium was found to ret jute completely 
in 9 days. The retting behavior was as follows. No 
change was seen on the stem one day after inoculation. 
On the 2nd day, slight bubbling occurred in the water 
of the tube. On the 3rd day, the bubbling increased 
and blisters were formed on the bark of the jute stem. 
From the 5th day on, bubbling continued to decrease 
with the blisters undisturbed until the 9th day when 
no bubbling could be seen; the jute was completely 
retted and showed the separation of the golden fibers. 

Cultural and physiological characteristics of the bac- 
terium, the retter. 

Spores: Ellipsoidal, 0.9 to 1.0 u by 1.0 to 1.5 yu, sub- 
terminal, wall thick (figure 14). 

Sporangia: Swollen, clavate (figure 1A). 

Rods: 0.4 to 0.6 uw by 1 to 2.5 yw, occurring singly, 
motile with peritrichous flagella, gram positive (fig- 
ure 1B). 

Hydrolysis of gelatin: Slow liquefaction taking 4 to 
5 days. 
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Agar colonies: Moderate growth, whitish, lobed, Acetylmethylearbinol: Produced. a 
spreading over entire plate. Citrate: Not utilized. 4 
Agar slant: Moderate growth, indistinct, whitish. On Temperature: No growth at 45 C on nutrient agar a Al 
glucose agar, growth much heavier, raised, gummy, slant. Optimum temperature 35 to 36 C. 
and formation of gas. Catalase activity: Positive. FS 
Nutrient broth: Granular turbidity, slimy sediment, Photic characters: None. i 
pH 6.8. Growth at pH 6: No growth. . AD 
Litmus milk: Acid curd produced, litmus changed. Coagulated albumen: Proteolysed. ; 
Potato slant: Growth abundant, whitish, potato de- Cellulose fermentation: Not fermented. ‘ 
composed with formation of gas. Hydrogen sulfide: Produced. 3 ms 
Nitrate medium: Nitrate reduced to nitrite. For the physiological-cultural study, identification, — 
Starch hydrolysis: Hydrolyzed but dextrin not de- and methods of staining flagella, the Manual of Meth- Bi 
tected. ods for Pure Culture Study of Bacteria (SAB, 1948), 
Fermentation: Acid and gas from glucose, galactose, Bergey’s Manual of Determinative Bacteriology (Breed 
mannose, maltose, sucrose, lactose, dextrin, and mani- et al., 1948), Gray (1926), Leifson (1930), and Maneval Cr 
tol. Very little acid and no gas from arabinose starch, (1930) techniques were used as guides. D: 
pectin, and glycerol. 
Discussion 
A number of bacteria, both aerobic and anaerobic, 
are involved in the retting of jute. Not all bacteria 
isolated from retted jute are responsible for the process, I 
as for instance, seven species of aerobic bacteria were 
isolated from retted jute but only one of them, B. poly- 
mywxa, Was capable of retting jute in laboratory tests. 
This paper is the first published report that a strain of 
B. polymyxa is capable of retting jute. Because of the 
important economic considerations of the process, the 
cultural and physiological characteristics of the strain 
of B. polymyxa found capable of retting jute have been 
described in detail. 
The part played by the other bacteria present. on the 
jute stem in the retting process is not understood. dt 
Debsharma (1946) reported that B. subtilis retted jute. ° 
Neither of the two strains of this bacterium isolated — th 
during the present investigation was found capable of ay 
retting jute. The lack of activity of the strains isolated Be 
in our investigation may be due to the existence of B. ” 
subtilis in different physiological races. Debsharma also - 
tested B. cereus for its retting ability. He found it to be di 
a nonretter. The present investigation confirms Deb- R 
sharma’s report. D 
r0 
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SUMMARY sli 
The action of the aerobic bacteria, Bacillus poll: H ” 


myva, Bacillus subtilis, Bacillus cereus, Bacillus sphaert- 
cus, Bacillus lentus, and Bacillus pumilus, on jute stem 


was studied to detect their retting ability. Only B. 
polymyxa was found to ret jute. The mode of retting * | 
described. 


Figure 1. Photomicrograph of jute-retting strain of Bacillus 
polymyxa. A. (Top) Sporangia (Spg), spore (s), and vegeta- 
tive cells (v). B. (Bottom) Flagella. 
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Retting, which constitutes a vital step in the pro- 
duction of fibers like hemp, jute, and flax, is essentially 
a microbial decomposition process and depends upon 
the property of microorganisms to produce pectic en- 
zymes that decompose pectic substances binding to- 
gether the fibers. Although considerable information is 
available regarding the nature and activity of micro- 
organisms involved in retting, (Ruschmann and Baven- 
damm, 1925a, b; Weizmann and Hellinger, 1940; 
Ruschmann and Bartram, 1943; Allen, 1944, 1946a, b; 
Debsarma, 1946; Hellinger, 1953) conspicuously no 
role, as yet, has been attributed to species of Pseudo- 
monas in this process. The purpose of the present study 
is to report the dominance of Pseudomonas species in 
the retting of certain fiber yielding malvaceous plants 
and to present chemical evidence in support of the 
ability of these species to decompose pectin. 

In his review on the utilization of pectic substances 
by microorganisms, Kertesz (1951) has rightly empha- 
sized the need to add to our knowledge concerning the 
pectin fermenting bacteria which at present is limited 
and fragmentary. Of the 35 strains of plant pathogenic 
and fluorescent pseudomonads screened by Oxford 
(1944), for instance, only 6 strains could degrade pectic 
acid but the method adopted by him for detecting 
pectic acid decomposition was crude and qualitative 
in nature. Barinova’s (1946) study, on the other hand, 


was confined to an analysis for the amount of pectin 
fermented by Clostridium felsineum and Bacillus aceto- 
ethylicus (Bacillus macerans). A complicating factor in 
the evaluation of earlier work in this direction was the 
impurity (nonpectic substances) contained in the pec- 
tic materials used in such work. In many reports, there 
is no mention of the kind of pectin used. Potter and 
MeCoy (1952, 1955), however, had investigated in 
detail the fermentation of citrus pectin and pectic acid 
by C. felsineum and Bacillus polymyxa, but their report 
was limited to an investigation of these two bacteria. 
In the present investigation, we have put to test several 
isolates of Pseudomonas for their ability to ferment 
pectin in vitro. These isolations were made by enrich- 
ment culture method from the retted liquors of mal- 
vaceous plants. 


EXPERIMENTAL METHODS AND RESULTS 


Enrichment and isolation of pectin decomposing bac- 
leria. Malachra capitata, a good substitute for jute 
(Betrabet and Navalkar, 1956), and Hibiscus cannabi- 
nus were used for retting. The rettings were carried 
out both at room temperature (24 to 26 C) and at 37 C. 

A medium of the following composition in 100 ml 
distilled water was used: Citrus pectin,' 1 g; NacsHPOs,, 


1 Distillation Products Industries, Eastman Organic Chem- 
icals Dept., Rochester, New York. 
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0.08 g; KH2PO,, 0.02 g; NaCl, 0.005 g; MgSO,-7H2O, 
0.05 g; FeSO,-7H20, 0.001 g; CaSO,-2H20, 5 ml (sat. 
sol); (NH4)2SOx4, 0.05 g; micronutrient solution,’ 1 ml. 
This medium adjusted respectively at pH 7.0 and 4.8 
was employed for the isolation of bacteria and molds 
and /or yeasts. 

On the third day of retting, 1 ml of retted liquor was 
inoculated into the enrichment medium and incubated 
aerobically at room temperature and 37 C. 

In every case, vigorous fermentation detected by 
gas formation was observed within 24 hr; after two 
successive transfers, inoculations were made on solid 
medium of the same composition. This medium proved 
to be satisfactory for both the isolation and purifica- 


2 Per 100 ml distilled water: ZnSO,-7H2O, 1.1 g; MnSO,-H.0O, 
0.5 g; CoSOx, 0.005 g; 0.005 g; NasMoOu,, 0.2 g; CuSO,- 
5H.O, 0.0007 g. 


TABLE 1 
Identification of species isolated from decomposing pectin 
Incuba- 
Family Genera and Species Strains| =. 
Cc 
Pseudomonadaceae | Pseudomonas spp. | 17 | 24-26 
Enterobacteriaceae | Aerobacter aerogenes a 37 
Aerobacter aerogenes 2 | 24-26 
Aerobacter cloacae 2 37 
Escherichia freundii 37 
Escherichia spp. | 2 | 24-26 
Achromcbacteri- Alcaligenes bookeri | 2 37 
aceae Flavobacterium aquatile | 1 37 
Bacillaceae Bacillus cereus 37 
Bacillus spp. | 2 | 37 
Clostridium butyricum 6 | 37 
var. pectinovorum 


Note: Four molds belonging to the genus Aspergillus and 
ne yeast were isolated from the medium at acid pH. 
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tion purposes. In all, 40 pure cultures were isolated in 
this way. 

For the isolation of pectin decomposing anaerobes, 
0.05 per cent of sodium thioglycolate was incorporated 
in medium 1, at pH 7.4. The enrichments were set up 
with inoculum made in the following ways. On the 
third day of retting, the effluent in each flask was 
shaken thoroughly and used for inoculum. Separately 
inoculum was developed by using a few pieces of retted 
straw which were triturated in sterile distilled water 
under aseptic conditions. These served as inocula for 
the media in sterile, glass-stoppered bottles. Isolation 
from these enrichments were carried out by the shake 
culture method of Burri (1902) using a solid medium 
containing 1.5 per cent agar. By the repeated use of 
the shake culture method, six anaerobic strains were 
isolated in pure culture for further study. The anaerobe 
could ferment pectin and, as such, was identified as 
Clostridium butyricum var. pectinoverum in contra- 
distinction to typical C. butyricum which does not fer- 
ment pectin. 

Identification of microflora isolated from decomposing 
pectin. The Manual of Methods for Pure Culture Study 
of Bacteria (SAB, 1946) was used as a guide in the 
study of morphological and cultural characteristics of 
the bacterial isolates; and Bergey’s Manual of Deter- 
minative Bacteriology (Breed et al., 1948) was consulted 
for their identification. Results typical of these experi- 
ments are presented in table 1. 

Aerobic microflora and volatile organic acids of typical 
laboratory rets. In the preliminary experiments, nutrient 
agar (NA), glucose agar (GA), and glucose yeast ex- 
tract agar (GYA) were tried simultaneously for enu- 
merating the total bacteria in the rets. Although GA 
and GYA gave slightly higher counts than NA, they 
suffered from the disadvantage that colonies grown 


TABLE 2 
Dominant organisms and volatile acids of typical laboratory rets of Hibiscus cannabinus 


| 
| Volatile Acids* 


Incubation | Age of Retted 


Temp Liquors pH Total Counts Dominant Organism 
Cc | hr | g/L millions/ml 
37 24 5.0 | 0.025 0.040 0.039 71.2 Aerobacter cloacae 
| 48 50 | — 0.478 0.082 | 20 Alcaligenes spp. 
72 4.8 es 0.599 0.083 | 34 Aspergillus spp. and Bacillus spp. 
96 4.7 Pew 0.976 0.098 16 Bacillus spp. 
24-26 24 5.0 | 0.026 0.066 0.042 428 | Pseudomonas spp. 
48 4.5 | = 0.624 0.092 880 | Pseudomonas spp. 
72 4.4 = 0.758 0.073 | 160 | Pseudomonas spp. and Aerobacter aerogenes 
| 96 | 46 |] — 1.252 | 0.097 | 47 | Aerobacter aerogenes 
24-26¢ 24 6.9 <0.005 <0.005 |<0.005 1,580 Pseudomonas spp. 
48 7.0 38,808 | Pseudomonas spp. 
72 7.2 230 ,000 | Pseudomonas spp. 
96 7.5 Innumerable | Aerobacter aerogenes 


* F = formic; Ac = acetic; and B = butyric. 
+ With constant aeration. 
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thereon were larger and of a spreading nature making 
accurate counts difficult. Colonies on NA were small, 
slow growing, and discreet. NA was therefore adopted 
for the enumeration of aerobic flora. The incubation 
period in general was 5 days and the temperature of 
incubation was the same as that under which the ret- 
tings were carried out. 

To study the coliform and the pectin decomposing 
flora, MacConkey’s agar and pectin agar were also 
used initially along with NA. All the types of organ- 
isms growing on pectin agar were, however, found to 
be similar to those growing on NA. MacConkey’s agar 
did not prove to be of any special advantage for the 
appearance of coliforms. Hence NA alone was utilized 
for plate counts on all subsequent occasions. 

Representative samples of the effluents were with- 
drawn aseptically from the respective laboratory rets 
at intervals of 24 hr throughout the retting period. 
Serial dilutions of these samples up to the 10-7 and 
10-° were prepared in sterile distilled water and plated 
in duplicate on NA; higher dilutions were made in the 
case of aerated effluents. (Aeration was effected by 
diffusing air through the rets.) The counts were made 
and the dominant organisms were isolated, purified 
and identified. Simultaneously, 1 to 1.5 L of the efflu- 
ents were set aside for the estimations of volatile acids. 
The effluents were adjusted to pH 7.8 and the volumes 
were reduced to 10 ml each by evaporating on a boiling 
water bath. These concentrated effluents were adjusted 
to pH 2 and steam distilled. The partition chroma- 
tography technique recommended by Neish (1952) was 
employed for the estimations of the individual volatile 
organic acids. Table 2 brings out clearly the dominance 
of Pseudomonas in the liquors of the typical rets of H. 
cannabinus. The course followed by M. capzitata retting 
and the microfloral picture presented by it was much 
the same as the other plant material studied (table 2). 

Decomposition of pectin by Pseudomonas spp. To 
demonstrate the decomposition of pure pectin by the 
pseudomonads, the liver pectin medium used by Potter 


TABLE 3 
Decomposition of pectin by species of Pseudomonas 


| 
Acidity, ml | Calcium 


| Age in hr | pH | 0.1N NaOH |  Pectate 
: | per 5 ml g per 100 ml 
Strain 1 Initial | 7 | 0.17 1.216 
24 | 4.8 | 0.87 0.683 
48 4.6 | (0.65 0.659 
72 4.5 0.79 0.347 
96 | 4.6 0.80 0.241 
Strain 3 Initial | 7 | 0.17 1.216 
4 4.7. | 0.51 1.050 
48 4.6 | ° 0.92 0.650 
72 | 4.6 1.03 0.300 
96 4.6 | 1.08 0.233 


and McCoy (1952) was employed. This medium was 
dispensed in 20-ml quantities in 50-ml Erlenmeyer 
flasks and autoclaved for 25 min at 15 lb steam pres- 
sure. The final adjustment to pH 7 before inoculation 
was made with 1 n NaOH. A loopful of cells from the 
solid medium of each of the several strains of Pseudo- 
monas was inoculated into culture tubes, each contain- 
ing 5 ml of liver pectin medium, and incubated at room 
temperature. After 24 hr, the culture tubes were shaken 
well to obtain uniform suspensions and 0.05 ml was 
used as inocula for the flasks containing this medium. 
All the flasks were incubated at room temperature. 

At intervals of 24 hr and on 4 consecutive days, one 
flask of each fermentation was subjected to the follow- 
ing analyses. The pH was determined and the titrable 
acidity estimated on 5 ml aliquots adopting the method 
followed by Potter and McCoy (1952). Pectin estima- 
tions were made by the method recommended by 
Kertesz (1951) because Hinton’s (1940) method modi- 
fied by Potter and McCoy (1952) proved unsuitable for 
the determination of pectic substances in the form of 
calcium pectate. The drawbacks of this method are 
obvious in the results reported by Potter and McCoy 
(1955). The values reported by them for calcium pec- 
tate (see tables 2 and 4) at various stages show an in- 
crease in the fermentable substrate over the initial 
amount when a decrease is to be expected as a result of 
bacterial activity; what is more, sudden rise and fall in 
the reported values are shown at different intervals. 
Similar results were recorded by us during the investi- 
gation with this method. At the initial stages of de- 
composition, a drop in the calcium pectate content 
was the feature. However, on prolonged incubation 
these values tended to exceed the initial. Resort to the 
Carré and Haynes’ (1922) original method for the de- 
termination of pectic substances as calcium pectate 
was met with the same difficulties. Perhaps in all these 
methods, certain insoluble calcium salts of the by- 
products of pectin decomposition are precipitated 
along with the calcium pectate and tend to vitiate the 
results owing to their insolubility in acetic acid. Fi- 
nally, however, a careful examination of the method 
recommended by Kertesz (1951) was not only found 
to be more accurate and reliable but the results were 
reproducible. The present results are based on this 
method. 

The results of two typical experiments of pectin 
decomposition by the Pseudomonas strains 1 and 3 are 
given in table 3. 


DIscUSSION 


The results of the laboratory experiments indicate 
that the species belonging to the genus Pseudomonas 
are particularly important not only in the retting of 
Malachra capitata and Hibiscus cannabinus under con- 
trolled conditions but in the decomposition of pectin in 
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general. Among the aerobic microflora that developed 
in the aerated and unaerated rets, these species clearly 
dominated in both the series. Aeration during retting, 
however, facilitated to a greater extent the develop- 
ment of these species almost to the exclusion of the 
other forms of life during the first 72 hr and under the 
laboratory conditions. Studies with pure cultures of 
Pseudomonas species showed that they rapidly decom- 
posed pure pectin. These observations would suggest 
that the species of Pseudomonas have an outstanding 
role in the process of retting, particularly under aerobic 
conditions, and that the greater part of the pectin 
decomposition observed during the process could be 
explained by the activities of Pseudomonas. 

Another point of considerable interest is that Pseu- 
domonas species seem to dwindle in the pectin enrich- 
ments and the laboratory rets incubated at 37 C, as at 
this elevated temperature Aerobacter, Alcaligenes, and 
the Bacillus form the dominant flora. Laboratory stud- 
ies with the pure cultures also indicated that, for the 
development of Pseudomonas, temperatures above 30 C 
were less favorable than those below this level. 

Pseudomonas species are known to be aerobic forms. 
As they developed at a rapid rate in the aerated rets, 
the systems did not show volatile acids and the pH 
increased (table 2). On the other hand, in the unaerated 
rets in the laboratory, the volatile acids tended to in- 
crease notably on longer incubation, a period during 
which both the pH and the total aerobic flora (includ- 
ing the pseudomonads) began to decrease, thus point- 
ing out other species as being responsible for the 
formation of volatile acids. The analysis of decomposed 
pectin by the pure cultures of Pseudomonas also 
showed only a negligible amount of volatile acids 
despite the fact that their fermentative action resulted 
in the lowering of pH and the formation of a con- 
siderable amount of titrable acidity (table 3). This 
observation is in agreement with the information avail- 
able on the metabolism of Pseudomonas species. The 
formation of butyric acid, however, is attributable to 
the concomitant activity of Clostridium butyricum var. 
pectinovorum active in those rets. It may be pointed 
out that, although butyric acid was not detected in the 
liquors derived from the aerated rets, the presence of 
the clostridia was demonstrable by the cultural meth- 
ods, thus confirming Allen’s report (1946a) with regard 
to the capability of anaerobes to remain dormant (in 
the sporulated state) under the adverse effect of aera- 
tion. It is also pertinent to note that, although Enebo 
et al. (1947) have reported the formation of apprecia- 
ble quantities of acetic, propionic, and butyric acids 
along with traces of formic and valeric in the warm 
water retting of flax, the presence of propionic acid was 
at no time detected in the fermentation of Malachra 
and Hibiscus. 

Retting presents, like many other processes in 
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nature, a synergistic phenomenon. That it is so is well 
supported from several other experiments carried out 
in this laboratory (Unpublished Data). However, it is 
well to emphasize here that the pseudomonads seem 
to play a dominant part in the process as studied in 
the laboratory inasmuch as heavy inoculations of the 
species into the rets at the initial stages have at all 
times resulted in the completion of the process within 


3 to 4 days in contrast to 9 to 12 days ordinarily re- — 
quired for the purpose. What is more, the rets inocu- — 


lated with the clostridium alone or in combination with 


pseudomonads in equal proportions did not prove to — 
be as effective as those inoculated with the pseudo- | 


monads alone despite the fact that the rets run were 
unaerated. From all of this, it would appear that 
species of Pseudomonas have an important role in the 
retting of M. capilata and H. cannabinus. It now re- 
mains to be established if the strains of Pseudomonas 
associated in the above rettings can be referred to the 
nearest species described in Bergey’s Manual and also 
to ascertain whether they are equally significant in the 
industrial rets. This would represent the subject of 
another communication. 
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SUMMARY 


Qualitative and quantitative studies of the micro- 
flora associated with the retting of alachra capitata 
and Hibiscus cannabinus at 24 to 26 and 37 C with 
and without aeration have been reported. It has been 
shown that at the lower temperature the retting proc- 
ess is mostly brought about by the species belonging to 
the genus Pseudomonas. By chemical analysis the 
ability of the pseudomonads to decompose citrus pec- 
tin has been demonstrated. 
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It has been demonstrated repeatedly that oxygen 
tension is a significant factor in culturing microorgan- 
isms. Availability of oxygen influences growth rates of 
eubacteria (Dagley et al., 1953), actinomycetes (Web- 
ley, 1954), and protozoa (Browning et al., 1952). The 
capacity for motility depends in some cases on oxygen 
supply (Sherris et al., 1957). Metabolic patterns, and 
the end-products of metabolism, may be related quali- 
tatively or quantitatively to oxygen tension in cultures 
of bacteria (Dagley et al., 1950; Pirt, 1957; Finn, 1954) 
and molds (Rolinson and Lumb, 1953; Finn, 1954). 

It thus becomes imperative that oxygen tension be 
rigidly controlled in most experiments, and often that 
its influence be quantitatively assessed. Although oxy- 
gen supplies may be controlled and held constant in a 
variety of ways (Finn, 1954), most aeration equipment 
provides little flexibility for measuring the effect of 
Variations in oxygen tension. Oxygen availability is 


‘This work was supported by Grant DRG-328 from the 
Damon Runyon Memorial Fund for Cancer Research. 


held constant in any one experiment, but there is no 
provision for comparing simultaneously a number of 
cultures growing at different, independently controlled 
aeration rates. The apparatus described here has 
proved useful for rapid, laboratory-scale screening of 
response to varied oxygen tension over a considerable 
range. 


DESCRIPTION OF APPARATUS 


Essentially, the apparatus consists of a series of needle 
valves, monitored by individual flow-rate meters and 
connected by a manifold inlet to a controlled source of 
air under pressure. The valve-controlled outlets are in 
turn connected to a series of growth vessels. A schematic 
diagram of the apparatus is presented in figure 1. 

The air source is a laboratory compressed air line. 
Any good air pump would probably serve as well. 
Heavy-walled rubber tubing connects the air line to a 
filter made by packing a length of metal pipe with 
Pyrex wool. The filter, in turn, is connected to a dia- 
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phragm valve (No. 695 air pressure regulator?) which 
will maintain a constant downstream pressure; such a 
valve is necessary because compressed air lines are 
often subject to rather large pressure fluctuations. A 
pressure gauge is then provided to monitor the valve 
setting. Since pressures below this valve usually will be 
considerably lower than line pressure, it is best to pro- 
vide some sort of release device to prevent ‘“back- 
pressure” from rupturing the rubber tubing which 
connects various parts of the apparatus. A simple 
closed metal sleeve fitting over an upright length of 
pipe, open at the top, serves this purpose very well. 
A small metal can is soldered to the top of the sleeve 
and filled with enough lead shot so that air will escape 
only when the pressure in the system exceeds 20 lb. 

The air at controlled pressure enters a manifold and 
is distributed to a series of flowmeters. The outlet from 
each meter is provided with a needle valve which per- 
mits precise control of air flow rates. For use with 
laboratory-scale cultures, small plastic “purge meters” 
are relatively inexpensive and reasonably accurate. 
These are available in banks of 6 meters with individual 
needle valve outlets and a manifold inlet (S2006-V 
Brooks-Mite 6-unit flowmeters*). The apparatus con- 
sists of 2 such banks of meters, providing 12 outlets in 
all. The diaphragm valve, pressure gauge, and flow- 
meters with valves are mounted together in a metal 
panel, with all pipe connections behind the panel and 
nipples for connections to rubber tubing projecting 
from the panel below each flowmeter. 


2 Fischer and Porter Co., Hatboro, Pennsylvania. 
3 Brooks Rotameter Co., Lansdale, Pennsylvania. 


[VOL. 6 


Although growth vessels of many types may be used 
with this apparatus, we have found 18 by 150 mm cul- 
ture tubes containing 10 ml of medium to be most con- 
venient for small-scale experiments. The tubes are 
covered with loose-fitting aluminum caps through the 
tops of which small holes have been drilled. A short 
piece of rubber tubing is fitted into the hole, and a 
length of glass tubing then placed through the cap as 
shown in figure 1. The length of aeration tubes is kept 
constant; 14 em from the cap to the lower end of the 
tube is convenient. A disc of membrane filter material 
(nylon-impregnated MF, type HA‘), is cemented (MF 
cement‘) over the upper end of the aeration tube. Air 
passes through these filters with no measurable im- 
pedance, although they provide quantitative removal 
of bacteria from the air stream. Sterility controls have 
remained uniformly negative. The earlier filtration 
through Pyrex wool lowers bacterial and gross particu- 
late contamination to a point where there is little or 
no danger of overloading or clogging the filters on indi- 
vidual aeration tubes. Another short length of rubber 
tubing fits over the upper end of the aeration tube, pro- 
tecting the filter from accidental damage. Rubber 
tubing connections from the flowmeter outlets are pro- 
vided with short pieces of glass tubing at the ends; these 
are slipped into the rubber tips of individual aeration 
tubes. 

Culture media are sterilized in tubes with ordinary 
aluminum caps, and the aeration caps, with filters in 
place, are placed in empty tubes and sterilized sep- 
arately by autoclaving. It is not necessary to attempt 


* Millipore Filter Corp., Watertown, Massachusetts. 
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Figure 1. Diagram of culture apparatus described in text 
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sterilization of the entire flowmeter panel. Growth 
tubes are inoculated, placed in racks in a water bath 
set at the desired incubation temperature, and the caps 
replaced with aeration tubes which are then connected 
to individual outlets on the flowmeter panel. With the 
diaphragm valve completely open, the compressed air 
supply is turned on until the pressure gauge holds 
steady at 15 lb. The valve is then closed until the 
desired air pressure is reached in the apparatus (1 Ib 
pressure is usually sufficient). Needle valves are now 
adjusted individually to the desired flowmeter settings. 
At these pressures, changes in individual valve settings 
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do not affect the pressure gauge reading or the flow 
rates delivered from adjacent valves. 

A number of measures of microbial response to aera- 
tion rates in the various tubes are now possible. 
Yor turbidimetric measurements, optically calibrated 
growth tubes are used. Tubes are disconnected from the 
apparatus when readings are to be made, and placed 
directly in a colorimeter. Caps may be lifted slightly so 
that aeration tubes clear the light path, or aeration 
tubes may be replaced temporarily by ordinary caps. 
As many as three holes may conveniently be drilled in 
caps fitting t&abes of this size, so that it is possible to 


TABLE 1 
Growth of Escherichia coli strain K12 in nutrient broth at various aeration rates* 
Air flow rate, ml per min............. | 15.5 | 20.5 | 23.5 | 30.5 | 36.0 2.5 | 46.5 | 00 | 70.5 | 77.0 | 89.5 | 103.0 
coefficientt........ 5 | 7 | 8 10 14 16 17 | 23 | 27 
a Incubation Time (hr) | Optical Densitiest 
— | | | 
0 | 00 | .00 .00 .00 | .00 .00 00 .00 01 | .01 | .00 
1 | -01 | .01 | .02 | .02 .02 .03 .02 03 | .02 02 | .02 | .01 
2 | | 206 | 07 .06 06 07 .0€ 06 | .07 | .06 
3 | | 2 | .22 | .25 | .2 | .21 .21 | 
4 44 | 40 | .48 .48 53 48 53 | | .50 | .50 
5 .5€ | .58 68 .67 71 72 | 
6 | .70 | .74 .78 ott 85 .82 .87 | .89 289 
| | .83 .90 | 94 95 1.00 1.01 1.02 1.03 1.02 
8 89 96 .98 .97 .98 1.05 1.00 1.00 | 1.02 1.00 
9 | .88 | 91 | .95 .98 | 1.00 1.00 1.00 1.00 | 1.00 | 1.05 | 1.02 | 1.07 
10 91 | .90 | .94 98 | 1.00 1.00 1.00 1.00 | 1.00 | 1.00 | 1.00 | 1.07 
11 .90 | .90 94 | .98 | 1.00 1.00 | 1.00 | .98 | 1.00 98 1.00 | 1.05 
12 90 | .90 94 | .98 | 1.00 | 98 | .98 | .98 _ 1.00 .98 1.€0 1.00 
u | ! : : 
* Series of culture tubes each containing 10 ml of broth and inoculated with 0.1 ml from the same 24-hr broth culture. Tubes 
were connected to the aeration device described in the text and aerated, without sparging, at 37 C. 
+ Millimoles O./L/hr, determined by the method of Cooper et al., (1944). 
t 2-Log G, determined in a spectronic 20 colorimeter at 625 muy. 
TABLE 2 
Comparison of the growth of two strains of Micrococcus pyogenes in nutrient broth at various aeration rates 
| M. pyogenes var. aureus, strain H | | M. pyogenes var. aureus, strain S2 
Air flow DOE 20.5 42.5 77.0 | 105.0 | 20.5 42.5 77.0 105.0 
Oxygen absorption coefficient ......... | 7 16 | 22 27 7 | 16 22 | 27 
| A | 
Incubation Time (hr) Optical Densities a — Optical Densities 
0 00 | .00 | .00 0 .00 .00 .00 .00 
1 02 | | | | 4 00 
2 06 | .02 C4 5 .01 .02 .03 
3 42 09 | 02 | .06 6 05 02 04 05 
4 90 36 | 7 07 O04 07 09 
5 .09 8 05 .12 15 
6 1.16 92 | .42 | 9 .19 10 .24 .27 
7 1.26 1.10 | 63 47 10 38 46 50 
8 1.26 1.16 | .82 .62 11 54 42 .62 .74 
9 1.22 | .96 .73 12 .70 68 85 
10 1.30 1.22 07 89 13 80 84 .98 1.10 
11 | 1.30 1.26 98 14 | 87 1.00 10 1.22 
12 | 1.26 1.22 6 | 1.02 15 | .92 1.10 1.30 


Experimental conditions as in table 1. 
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provide a sampling port, or to fit caps with platinum 
electrodes and KCl-agar bridges for determinations of 
redox potentials during growth. Larger growth vessels 
may be employed if it is desirable to remove larger 
samples. 
CALIBRATION OF THE APPARATUS 

Although flowmeters of this type are provided with a 
uniform scale calibrated in cu ft per hr or ml per min, 
individual meters vary considerably and the manufac- 
turer’s calibration is not always accurate. Flow rates 
may be determined experimentally by water displace- 
ment, but flow rate alone is of little importance. It is 
much better to attach some arbitrary scale to the meters 
and to determine individual oxygen absorption coeffi- 
cients at various settings of each flowmeter, using 
either polarigraphic (Wise, 1951) or sulfite oxidation 
determinations (Cooper et al., 1944). As Finn (1954) has 
pointed out, aeration data recorded in this form are 
more meaningful and may more readily be ‘‘scaled up”’ 
to larger volumes if the need arises. With our apparatus, 
oxygen absorption coefficients are obtainable at values 
between 5 and 50 mo per L per hr. Since the air supply 
only bubbles gently through the medium in the growth 
tubes, considerably higher aeration values may be ob- 
tained by sparging the air flow. This can be accom- 
plished by fitting the lower end of the aeration tube 
with a small glass sparger, or by cementing over the 
lower end of the tube a piece of membrane filter mate- 
rial of rather large pore size (these filters are available 
in a number of porosities). If it is necessary to work 
with much larger volumes of culture, or at extremely 
high aeration rates, it would probably be advisable to 
use more expensive flowmeters capable of accurate 
measurements at more rapid flow rates. 


EXPERIMENTAL RESULTS 


The results of a typical growth experiment with 
Escherichia coli are shown in table 1. It will be noted 
that at aeration values below 16 mm™ of oxygen per L 
per hr growth rate as measured by optical density 
depends on the rate of oxygen supply. The growth may 
vary with the medium used and other factors such as 
size of inoculum, but is characteristic and repro- 
ducible for a particular strain or species. Strain H of 
Micrococcus pyogenes var. aureus, for example, responds 
differently. Advanced aeration rates caused lengthened 
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lag periods, slower growth and lower total densities 
(table 2). Table 2 shows also that strain 82, a mutant 
of H which is abnormally sensitive to the toxic effects 
of stilbestrol, differs markedly from the parent strain in 
its pattern of response, requiring a higher rate of 
aeration for maximum growth. The significance of 
these and other observations has yet to be determined, 
but they serve to illustrate the importance of careful 
measurement and control of oxygen supply. 


SUMMARY 


An apparatus has been described which provides for 
growing a series of cultures at independently varied 
and measurable aeration rates. Aside from its utility 
in screening experiments to determine the optimum 
aeration conditions for various fermentations, the ap- 
paratus is useful for study of any system in which oxy- 
gen tension may exert a differential influence. 
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The increasingly wide acceptance of precooked frozen 
foods has led to the establishment throughout the 
United States of new frozen food plants devoted en- 
tirely to the precooked products. Among the problems 
facing this rapidly expanding industry is the develop- 
ment of adequate quality control standards for flavor, 
attractiveness, stability, and wholesomeness. As early 
as 1947 the question of wholesomeness was raised by 
Fitzgerald, who pointed out the importance of high 
quality raw materials, adequate cooking, careful plant 
sanitation during processing and packaging, rapid 
handling, and quick-freezing. Food sanitarians and 
public health officials presently are focusing their at- 
tention on the potential health hazards resulting from 
unsanitary operations and improper handling during 
the production and distribution of these foods. For 
effective sanitary control in the industry, processors 
may find it desirable to employ a standardized bacterio- 
logical testing program as an adjunct to rigidly super- 
vised measures of cleanliness. The purpose of this report 
is to describe and evaluate laboratory methods used for 
estimating levels of bacterial populations surviving in 
the precooked frozen products. 

When frozen meals were introduced into the U. 8. 
Air Force in-flight feeding program in 1951, a military 
specification for these foods was published by the 
U.S. Army Quartermaster Corps. The sanitary require- 
ments specified for their production included a provision 
for continuous plant inspection by the Veterinary Corps 
and imposed bacterial standards for the finished prod- 
uct. At present the specification (MIL-M-13966) pro- 
vides for a standard plate count not to exceed 100,000 
organisms per g, and a coliform plate count not to 
exceed 10 per gram. The two counts serve as an index 
of adequate cooking. Since the relatively heat-labile 
colon-aerogenes group of organisms cannot survive the 


‘This paper reports research undertaken by the Quarter- 
master Food and Container Institute for the Armed Forces 
and has been assigned No. 631 in the series of papers approved 
for publication. The views or conelusions contained in this 
report are those of the authors. They are not to be construed 
as necessarily reflecting the views or indorsement of the 
Department of Defense. 

* Presented at the 56th General Meeting of the Society of 
American Bacteriologists held in Houston, Texas, April 
29 to May 3, 1956. 
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time-temperature conditions of normal cookery, the 
coliform count has also been a useful indicator of post- 
cooking contamination. The basis for establishing 
bacterial standards for precooked frozen foods pur- 
chased by the military was discussed in a preliminary 
report (Rayman ef al., 1955) and will be dealt with 
more extensively in a forthcoming publication (Huber 
et al., 1958). From those studies over 2 5-year period, 
it became apparent that a need existed for specifying 
reliable, simple, and rapid methods of analysis suitable 
for control laboratories with limited facilities. 

For determination of standard plate counts the 
tentative methods for the microbiological examination 
of frozen foods published in 1946 by the American 
Public Health Association, Committee on Microbio- 
logical Examination of Foods (APHA, 1946), proved 
to be relatively satisfactory. However, in some control 
laboratories where frozen foods are subjected to bac- 
teriological testing it has been observed that a variety 
of procedures differing from the APHA methods have 
been employed. The precision and accuracy of some of 
these nonstandard modifications have not been deter- 
mined and, particularly for specification purposes, the 
data so obtained do not permit ready comparisons be- 
tween laboratories. Therefore, studies were made to 
determine whether the various details involved in the 
preparation of food samples for analysis, such as weight 
of sample and method of dispersion, would influence 
the bacterial counts. Previously mentioned tentative 
methods for frozen foods recommend an incubation 
temperature of 32 C for 4 days and current APHA 
methods for the examination of dairy products permit 
a choice of incubation temperature at 35 or 32 C for 
48 hr. Since minimal incubation times are generally 
desired, comparisons of plate counts as influenced by 
times and temperatures were made. In addition to the 
total plate count and coliform plate count, the suita- 
bility of tests for enterococci and coagulase-positive 
staphylococci was also investigated. 

Inadequate refrigeration often exists during trans- 
portation or storage of frozen precooked foods. If 
thawing should occur with ensuing bacterial multipli- 
cation, and the food refrozen, the consumer may not 
be warned of the potentially hazardous situation, 
although experts may recognize some evidence of 
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refreezing. Since the heat treatment given precooked 
frozen foods by the consumer is sometimes a mere oven- 
warming which cannot be depended on for destruction 
of organisms, the presence of even small numbers of 
potential pathogens in these items poses a problem for 
regulatory agencies. Tests for the coagulase-positive 
staphylococci and for enterococci are warranted when 
there is reason to suspect that precooked frozen foods 
have been subjected to inadequate processing or to 
mishandling as described above. Simpler, more rapid 
methods for isolating and identifying these organisms 
are needed. 

Preliminary surveys in this laboratory indicate that 
coagulase-positive strains of staphylococci are not in- 
frequently found in precooked frozen foods. Evidence 
that such strains are pathogenic, enterotoxin-producing 
types has been reported by Evans and co-workers 
(1950). Many methods proposed for detection of these 
organisms rely on selective media containing high con- 
centrations of sodium chloride, thereby permitting the 
development of staphylococci while suppressing the 
growth of most other bacteria (Hill and White, 1929; 
Chapman, 1945). Liquid media of choice, reported by 
Maitland and Martyn (1948), containing 10 per cent 
added salt, proved highly satisfactory for purposes of 
enrichment. Zebovitz ef al. (1955) devised a tellurite 
glycine agar which was particularly selective for iso- 
lating coagulase-positive staphylococci. Utilizing the 
selective properties of both sodium chloride and tel- 
lurite, the present report describes a modified method 
suitable for detecting small numbers of these micro- 
cocci in frozen foods. 

The role of enterococci as food-borne pathogens has 
been a subject of much debate (Moore, 1955). In recent 
vears bacteriologists have shown considerable interest 
in the use of enterococci as an index of fecal pollution 
in water, and some (Larkin et al., 1955) have proposed 
its substitution in lieu of the long established coliform 
index. Burton (1949) suggested that enterococci which 
survive for long periods of time in fresh frozen foods 
may be a better index of fecal contamination than the 
coliform group which decreases in number during proc- 
essing and storage. 

In 1937 Hartman found that the use of sodium 
azide suppressed the growth of gram negative bacteria 
while permitting the streptococci to grow. Since this 
discovery, several investigators (Hajna and Perry, 
1943; Winter and Sandholzer, 1946; Rothe, 1948; Mall- 
mann and Seligmann, 1950; and Hajna, 1951) have de- 
vised selective media for isolating enterococci. These 
were tested for suitability in the analysis of precooked 
frozen foods. Although they are highly selective for 
enterococci, it was found desirable to use a confirma- 
tory medium such as the ethyl violet azide broth 
(Litsky et al., 1955) for verification. 
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MATERIALS AND METHODS 

The majority of foods used in this study were pre- 
cooked frozen tray and casserole meals produced for 
U.S. Air Force contracts (Military Meals). In addition, 
commercial precooked frozen meals, pot pies, and 
219 pound bulk pack fresh frozen vegetables were pur- 
chased either from frozen food distributors or retail 
supermarkets. Wherever possible, all test samples in a 
set were from the same lot. Generally, a minimum of 
5 meals was analyzed from a lot which usually consisted 
of a day’s production of one menu (1000 to 3000 meals), 

Sample preparation. Each component of a precooked 
frozen meal was analyzed as a separate entity. The 
entire (85 to 170 g) frozen block of meat (or potato or 
other vegetable) was chopped into approximately 1-in. 
pieces with a sterile knife. The frozen pieces were 
weighed either in a sterile wide-mouth glass-stoppered 
bottle or a tared blender jar. A 1:5 suspension was 
made by adding one-half of the measured volume of 
sterile distilled water to the pieces in the blender jar, 
blending for 1 min, adding the remaining diluent and 
blending for an additional 2 min. The 1:10 dilution was 
made by pipetting 50 ml of the 1:5 suspension into a 
sterile, 50-ml buffered water dilution blank containing 
glass beads. Additional dilutions were made in buffered 
water as required. Military casserole meals were 
stripped aseptically of their baked crusts and 100-g 
samples chopped from wedge-shaped sections of the 
fillings. These 100-g amounts were then prepared as 
described above. The unbaked top crusts of a few 
commercial pot pies (chicken and beef) were analyzed 
separately in the prescribed manner. However, for the 
majority of the commercial samples the crusts were 
discarded. In the analysis of spaghetti and meat. ball 
casseroles, 50 g of meat plus 50 g of spaghetti were used. 

When samples blended in a Waring Blendor were 


compared with those shaken in bottles with diluent and 


glass beads, a 1:5 initial suspension was prepared for 
each method. Samples of 50 g were blended in the 
blender jars with 200 ml of sterile distilled water, and 
25-g samples were shaken in bottles with 100 ml of 
sterile distilled water and a teaspoon of glass beads. 
Standard plate count. For each appropriate dilution, 


1 ml portions were inoculated into duplicate plates — 


using milk-protein hydrolysate glucose agar (BBL) as 
the plating medium. Unless otherwise stated, incubation 
was at 32 C for 72 hr. For experiments comparing 32 
and 35 C incubation, two sets of duplicate plates were 
prepared, one set incubated at each temperature. When 
incubation times were compared, plates were counted 
after 48 and 72 hr. 


Coliform plate count. Coliform counts were made in — 
duplicate on serial dilutions prepared as described — 
above, in accordance with Standard Methods for the 
Examination of Dairy Products (APHA, 1953), using | : 


desoxycholate lactose agar (BBL). 
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Detection of coagulase-positive staphylococci. Tubes of 
trypticase soy broth (BBL) containing 10 per cent 
added NaCl were inoculated in duplicate with 1 ml 
amounts of the 1:5 and 1:10 suspensions of sample and 
incubated for 48 hr at 32 C. From these enrichment 
cultures, phenol red mannitol agar (Difco) containing 
10 per cent salt (PRMS-10 per cent) and/or tellurite 
glycine (TG) agar* plates were streaked and held 24 hr 
at 37 C. Typical staphylococcus colonies were picked 
to Bacto-brain heart infusion broth and incubated at 
37 C. After 18 to 20 hr, cultures were stained for verifi- 
cation as staphylococci, and coagulase tests were made. 
Directions for the test are provided with ampules of 
Bacto-coagulase plasma. When TG agar was used 
alone, the staphylococcus cultures from brain heart 
infusion broth were streaked on phenol red mannitol 
agar to demonstrate mannitol fermentation. 

Detection of enterococci. The following broth media 
(Difeo) were selected for comparison: 8 F, enterococcus 
presumptive (EP), azide dextrose (AD) and B A GG. 
For qualitative studies, duplicate tubes of each test 
medium were inoculated with 1 ml quantities of the 
1:10 dilution. Incubation at 45 C for 3 days was used 
for all except azide dextrose broth which was incubated 
at 37 C for 48 hr. Growth in the azide dextrose and acid 
production in the other three media was indicative of a 
presumptive positive test. Confirmation as enterococci 
was accomplished by subculture in ethyl violet azide 
(EVA) broth. Two drops from each presumptive posi- 
tive tube were inoculated into EVA broth and incu- 
bated at 37 C for 48 hr. The presence of enterococci was 
demonstrated by turbidity and formation of a purple 
“button” at the bottom of the tube. Examination of 
smears made from the positive EVA broth cultures 
invariably confirmed the presence of streptococci. In 
preliminary trials, cultures from more than 100 positive 
EVA tubes were studied, employing the following con- 
firmatory tests for enterococci described by Sherman 
(1937): (1) growth at 10 and 45 C, (2) growth in broth 
containing 6.5 per cent NaCl, and (3) survival in 
sterile milk after heat treatment at 63 C for 30 min. 
Since the presence of enterococci was continually re- 
affirmed by these tests in the early stages of this investi- 
gation, a positive EVA test was subsequently accepted 
as sufficient confirmation. 

Quantitative studies were also employed for a com- 
parison of azide dextrose broth with EP broth using 
the most probable number technique. In these studies, 
EP broth was preheated at 45 C before inoculation. 
Serial decimal dilutions (10-! to 10-*) were prepared, 
and for each dilution 3 replicate tubes were inoculated 
With 1 ml portions. Most probable numbers (MPN), 


‘Dehydrated tellurite glycine agar is now commercially 
available from Difco, Baltimore Biological and Case Labora- 
tories. Initially, the medium was prepared as described by 
Zebovitz et al. (1955). 
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based on confirmed positive tests, were computed 
according to the McGrady probability tables, (Bu- 
chanan and Fulmer, 1928). 


RESULTS 
Standard Plate Count 


Methods of sample preparation. Commercial samples’ 
of precooked frozen beef pot pies, precooked frozen 
Mexican corn (whole kernel corn combined with pi- 
miento and green pepper) and of fresh frozen cauliflower, 
green peas, and lima beans were analyzed by the blend- 
ing and shaking methods described previously. Results 
are given in table 1. The bacterial counts on the blended 
samples were higher, as was expected, in the majority 
of the samples. One shaken sample of Mexican corn, 
however, gave a much higher count. Each set of five 
samples was drawn from a single lot. This may have 
been due to the unequal distribution of corn, pimiento, 
and pepper; however, an attempt was made to choose 
equal proportions. 

Time of incubation: 48 versus 72 hr. Standard plate 
counts were made on 114 components of precooked 
frozen meals (19 meats and 95 vegetables), to compare 
the effect of 48- and 72-hr incubation periods. The 
majority of the counts on the vegetables (92 per cent) 


TABLE 1 
Comparison of bacterial counts in frozen foods using two 
methods of sample preparation 


Standard Plate Count, Thousands per - 


Product Sample no. 


Beef pot pie | 


Blended... | 63 54 172 
Mexican corn | | 

6 66 230 

60 «68 66 55 
Peas | 

Shaken............... | 4.8} 5.9] 8 8.8 15 

Blended.............. 116.5] 11.5) 15 16.0 16 
Lima beans | 

Shaken...............| 35 | 38 38 46 58 

64 110 100 99 110 
Cauliflower 

GA} O32 0.7 0.7 

Blended.............. | 0.6) 05! 1.8) 2.6 

TABLE 2 


Comparison of standard plate counts in precooked frozen 
meats and vegetables incubated at 32 and 35 C 


| Percentage of Samples Having Counts 
No. of Samples | 


t 
ve | Examined | Higher at Lower at Same at 
| | ac St 32 and 35 C 
Vegetable | 49 16 25 59 
Meat | 


45 31 16 53 
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were not influenced by the additional 24 hr of incuba- 
tion. On the other hand, 11, or 60 per cent, of the meat 
samples gave higher counts after 72 hr. 

Temperature of incubation: 32 versus 35 C. As shown 
in table 2, results from a total of 94 samples of meats 
and vegetables indicated that, in general, there was 
little difference between standard plate counts incu- 
bated at 32 or 35 C for 72 hr. A “difference”’ refers arbi- 
trarily to an average colony count difference of 5 or 
more. 


Isolation of Coagulase-Posilive Staphylococci 


A comparison between TG agar and PRMS-10 per 
cent agar was made, using parallel inoculations. from 
the enrichment broth cultures. Of 93 frozen food 
samples examined in this manner, coagulase-positive 
staphylococci were recovered from 32 samples on TG 
agar and from only 23 samples on PRMS-10 per cent 
agar. All samples from which staphylococci were re- 
covered on PRMS-10 per cent agar were also found 
positive on TG agar. When enrichment broth cultures 
were streaked on PRMS-10 per cent agar plates, an 
overgrowth of sporeforming rods occasionally masked 
the staphylococcus colonies, making it difficult to 
isolate them for further study. Streaking on TG agar 
provided more effective inhibition of the sporeformers, 
permitting the easier isolation of staphylococci. 


Comparison of Media for the Detection of Enterococci 


Qualitative and quantitative tests for the detection 
and enumeration of enterococci were made employing 
four liquid media: namely, 8 F, B AG G, EP, and AD 
broths. In one series of qualitative tests for enterococci, 
131 samples were examined using 8 F broth alone. Of 
56 samples which were found presumptive positive, 3 
failed to give a positive confirmatory test. Conducting 
a second series of qualitative tests, 100 samples were 
examined comparing B A G G broth with EP broth. 
Of these, 89 were positive in B A G G broth with no 
false positives. while 92 were positive in the EP broth 
with one false positive. 

In the three selective media, 8S F, B A GG and EP 
broths, the presence of enterococci is indicated by the 
formation of acid. However, both the S Fand BAGG 
broths which contain phosphate buffer and bromcresol 
purple (BCP) indicator often failed to produce a clear- 
cut acid color change. On the other hand, satisfactorily 
sharp color changes were regularly observed with the 
EP medium which omits the phosphate buffer and con- 
tains bromthymol blue (BTB) indicator. Therefore, two 
modifications of the B A G G broth formula were 
tested, one substituting BTB indicator for the BCP, 
the second using the same indicator, BTB, without the 
phosphate buffer. The sharpness of the color change 
was not improved in either modification. 
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In a third series, quantitative methods were em- 
ployed comparing EP broth with AD broth. A total of 
57 samples representing 10 commercial lots of frozen 
foods were examined for most probable numbers of 
enterococci using both media. EP medium recovered 
enterococci from 55 items and AD broth indicated that 
all samples were presumptive positive. EVA confirma- 
tion of these presumptive positive samples was ob- 
tained for 52 with the EP broth and 56 with the AD 
medium. When the sum of the presumptive positive 
tubes in the three significant dilutions was considered, 
the 57 samples furnished a total of 229 cultures from 
EP medium with 170 confirmations (74.2 per cent), 
whereas the corresponding values for AD broth were 
301 presumptive positive cultures with 209 confirma- 
tions (69.4 per cent). 

Typical data, illustrated in table 3, show reliability 
of presumptive positive tests in the two media. It will 
be noted that the number of presumptive positive tubes 
was generally greater in the case of the AD medium. 


TABLE 3 
Reliability of presumptive positive tests for enterococci in 
precooked frozen foods 


re aig | Azide Dextrose Broth 

No.* pre- | No. con- | No. pre- No. con- 

sumptive firmed sumptive firmed 

Positive | positive | positive | positive 
Chicken pot pie 6 | 3 7 6 
6 | 4 
7 | 6 
6 6 8 5 
| 6 | 4 6 | 3 
Beef pot pie | 0 
6 | 2 
| 1 1 4 3 
; 38 | 1 | 6 3 
| 6 6 | 4 

| | 

Roast turkey and | 6 6 | 5 | 5 
dressing 4 4 | 6 5 
4 4 6 6 
5 3 7 6 
| 3 | 2 5 5 
Green peast 3 | 3 | 6 5 
| 5 | 3 6 4 
3 
5 5 8 3 
4 4 9 5 
Parsley buttered i 1 
potato | 4 6 6 
3 
| § 4 | 7 3 


*Sum of positive tubes in 3 significant dilutions. 
+ Fresh frozen. 
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The per cent of false reactions appears to vary some- 
what from lot to lot, and this range may be gauged from 
the table. 

In table 4 are shown estimates of enterococcus pop- 
ulations in a few commercially frozen foods as obtained 
by the two media. As noted before, results obtained 
with AD broth are generally higher than those with 
EP. It will be seen that vegetables such as green peas, 
which are uncooked, may be expected to have high 
enterococcus counts despite the fact that these products 
are usually subjected to a mild blanch prior to freezing. 
Precooked frozen foods, on the other hand, possess 
lower enterococcus counts dependent on the extent of 
cooking and the degree of recontamination during 
packaging. 


DISCUSSION 


Owing to the heterogeneous character of precooked 
frozen foods, the bacterial content is likely to be 
unevenly distributed. Thus, Logan et al. (1951) found, 
for chicken @ /a king, that the bacterial content of the 


TABLE 4 
Estimation of enterocci* in precooked frozen foods. 
A comparison of two media 


| Most Probable Number per g 


Product 
Enterococcus Azide dextrose 

| presumptive broth | broth 
Chicken pot pie | 25 | 150 
| 11 | 40 
| 75 1500 
150 75 
45 250 

| 
Beef pot pie | 4 0 
| 4 9 
| 4 15 
15 
45 20 

| | 

Roast turkey and dressing | 250 | 95 
| 75 | 95 
| 45 250 
| 25 250 
| 25 1100 

| 
Green peast 1100 750 
250 2500 
250 4500 
45 2500 
450 4500 
Parsley buttered potato | 25 250 
| 45 95 
| 20 95 
| 450 | 25 
25 25 


* Confirmed. 
t Fresh frozen. 


gravy was quite low, whereas the chicken meat con- 
tained 70 per cent of the total count. If, in sampling, 
the proportions of chicken meat to gravy were not 
maintained approximately equivalent to those of the 
processed product, the analytical results were subject 
to appreciable error. When these foods are prepared 
for analysis it is important to minimize sampling errors 
by weighing a relatively large sample and preparing a 
uniform suspension so that the bacterial composition 
of any small subsample is representative of the average 
composition of the whole product. Therefore, in pre- 
paring samples for analysis, each component of a meal 
was taken in its entirety and blended. A meal com- 
ponent, as referred to here, is an individual serving of a 
meat preparation or potato or other vegetable item. 
Such portions range in weight from approximately 3 
ounces (85 g) to 6 ounces (170 g), depending on the 
food. Since many of the meat items weighed as much as 
6 ounces, the blender method was found most practical 
for obtaining uniform suspensions using the entire 
sample. 

As described above, a comparison was made of the 
bacterial counts obtained from samples prepared by 
blending and by shaking with glass beads. The present 
findings confirm observations by Jones and Ferguson 
(1951) that use of the blender method results in slightly 
higher counts. Coarse suspensions of shaken materials 
often furnish mechanical difficulties in transferring 
sample aliquots and lead to pipetting errors. Conven- 
tional shaking with glass beads is insufficient to reduce 
the particle size of some precooked frozen foods and, 
despite the use of 50-ml volumetric pipettes with 
cut-off tips, plugging by food particles cannot be 
avoided. Not only is it easier to pipette the blended 
sample, but it is also less time-consuming and the 
frozen pieces of food are not subjected to a mere surface 
washing as they are in the shaking method. It will be 
noted that the practice of blending a frozen product in 
the manner we have described does not permit the 
temperature of the resulting suspension to rise above 
18 C, which is well below the incubation temperature 
range. Any heat generated during such a 3-min blending 
is insignificant as it relates to possible heat destruction 
of bacteria in the sample. 

To further minimize sampling errors within produc- 
tion lots, it is important that a sufficient number of 
individual packages be selected for analysis to represent 
the average bacterial content throughout the lot. 
Variations in counts which occur during the processing 
and packaging of precooked frozen foods are dictated 
by the degree of sanitary control in the different plants, 
and this, in turn, influences thé number of units needed 
for a representative analysis of a lot. Wherever possible 
in this study, at least five complete meals from a single 
lot were examined with the objective of obtaining fairly 
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good representation. The present military specification 
provides for a minimum of three meals from each 
day’s production of 5000 units or less and one additional 
meal for each additional 2000 units per lot. 

Incubation factors which influence the standard 
plate count appear to depend partly on the nature of 
the food and its accompanying microflora. Thus such 
foods as meat, containing large numbers of organisms 
producing pin-point colonies, showed increased bac- 
terial counts when incubated longer than 48 hr. How- 
ever, counts for vegetables remained substantially the 
same after 48 or 72 hr. For this reason it appears un- 
necessary to incubate plates longer than 3 days. Desic- 
cation of agar and interference from spreading colonies 
are also thus minimized. The 72-hr incubation period 
allowing pin-point colonies to develop enough to be 
more easily differentiated from the background debris 
may account for the higher bacterial count found in 
60 per cent of these meat samples. Most vegetables, on 
the other hand, contained large sporeforming rods that 
produced large, easily recognized colonies within 48 hr. 
Bacterial counts of meats and vegetables were not sig- 
nificantly influenced by varying the incubation tem- 
perature between 32 and 35 C. 

Since the number of coagulase-positive staphylococci 
present in precooked frozen foods is usually very low in 
proportion to the total number of organisms, direct 
streaking of low dilutions on a selective medium such 
as PRMS agar and TG agar was not satisfactory. 
However, if an enrichment medium such as trypticase 
soy broth with 10 per cent NaCl added is employed, the 
isolation of these organisms becomes easier. In prelimi- 
nary studies, the inoculated enrichment broth that had 
been incubated at 32 C for 48 hr was streaked onto 
PRMS-10 per cent agar plates. Because cocci, other 
than the coagulase-positive staphylococci, and gram 
positive sporeforming rods also grew well on these 
plates and produced acid, colony differentiation alone 
could not be relied upon. When TG agar was used, 
gram positive rods were easily differentiated from the 
staphylococci on these plates. The colonies produced 
by sporeformers were small and colorless or grey in 
contrast to the larger, entirely black, buttery colonies 
of the coagulase-positive staphylococci. The latter were 
confirmed by staining and by the coagulase test. Con- 
firming the observations of Zebovitz et al. (1955) it was 
found inadvisable to hold the TG plates much longer 
than 24 hr because of the delayed appearance of coagu- 
lase-negative staphylococci which also produce black 
colonies. Since colonies of coagulase-negative staphylo- 
cocci occasionally appear within 24 hr, a test for coagu- 
lase production is essential. 

Of the several media employed for the isolation of 
enterococci, EP broth gave the most clear-cut results. 
The change from blue to bright yellow on acid produc- 
tion made the reading of a presumptive positive test 
much easier. Although AD broth seemed to be a more 
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sensitive medium, as seen by the greater number of con- 
firmed positive tests, the larger number of subcultures 
that had to be made was more time-consuming. Since 
EP broth gives good recovery of enterococci and the 
number of false positive reactions are few, it can be 
used satisfactorily on a qualitative basis for control 
work. Azide dextrose broth, on the other hand, is more 
applicable where greater accuracy for the quantitative 
estimation of enterococci is needed. 

It is desirable that the EP broth be preheated at 45 C 
before inoculation to prevent the growth of strepto- 
cocci other than those of Group D, since growth at 
45 C is one of the differentiating characteristics of the 
enterococci. Although at 45 C this medium is highly 
selective for enterococci, confirmatory tests are re- 
quired. 

In his studies, Burton (1949) found that, as indicators 
of contamination, the coliform organisms appeared to be 
superior to the enterococci in unstored or briefly stored 
frozen foods, while the enterococci were a more reliable 
index in foods which have been held in freezer storage. 
The majority of the military meals used for the present 
analytical studies had been stored about 4 months; 
however, the storage history of the commercial foods 
was not always known. Coliform organisms in the 
stored precooked frozen foods should have been absent 
in most cases, since they are easily destroyed by heat. 
The results of these studies substantiate Burton’s ob- 
servations. Coliform organisms were recovered from 
very few of the precooked frozen items except those 
where the original bacterial count was relatively high, 
whereas enterococci were found much more frequently. 
Presence of coliform organisms would indicate either 
that the foods had been cooked insufficiently or that 
they had been recontaminated later in the processing. 
Presence of enterococci would also indicate under- 
cooking and possible recontamination during handling. 

A comparison of the recovery of coliform organisms 
and enterococci is shown in table 5, where results of 
analyses on 414 samples were evaluated. These samples 
included military and commercial precooked frozen 
meats, vegetables, and pot pies, as well as commercial 
fresh frozen vegetables. From a total of 234 items 
prepared under military specifications, coliform organ- 
isms were found only in 2.5 per cent of the samples, and 
enterococci in 41 per cent of the samples. Of 180 com- 
mercially prepared items, 42.7 per cent not only con- 
tained coliform organisms, but they were present in 
much greater numbers than in the military meals. 
Enterococci were present in 92.7 per cent of the com- 
mercial samples. In the 42 samples of commercial fresh 
frozen vegetables the coliform count was less than 10 
per g in 16.6 per cent; however, 78.5 per cent were 
positive for enterococci. 

That coliform organisms and enterococci had been 
found less frequently in precooked frozen foods pro- 
duced under military specifications may imply the need 
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in commercial production for better cooking standards, 
better plant sanitation, and better quality of raw 
materials. These data point up the fact that, when con- 
tinuous supervision and inspection are exercised, a high 
quality standard for precooked frozen foods can be at- 
tained. Qualitative tests described above for detecting 
the presence of staphylococci and enterococci are useful 
aids in maintaining quality control. Further work is 
planned to investigate quantitative population levels 
of these organisms. 

Incorporating the optimal features of the present 
investigation, the authors suggest the following pre- 
scribed procedure for the microbiological examination 
of precooked frozen foods: 

Sampling. Take 1 package from each of 5 shipping 
cases of the same production lot in question. (Adequacy 
of this sampling will vary in relation to the size of the 
lot and, if there is any significant variability in the lot, 
this fact will become evident in the majority of cases 
through individual tests on the 5 samples.) Keep 
samples frozen with Dry Ice (solid CO.) or other 
suitable refrigerant if analysis is to be delayed or 
sampling point is at some distance from the laboratory. 

Preparation of sample. (a) Casserole meals—including 
pot pies. Remove aluminum foil cover. Using aseptic 
precautions, with a sterile knife cut or chop wedge- 
shaped sections of the frozen meal (including the crust, 
if present) into approximately 1-in. blocks. Weigh 100 g 
into a tared, sterile, screw-cap aluminum Waring (or 
similar type) Blendor jar. Measure into a sterile, 
graduated cylinder a volume of sterile distilled water 
necessary to make a 1:5 suspension. Add aseptically 
to the chopped material in the blender jar approxi- 
mately 14 to 14 the required amount of water. Blend 
1 min. Add the remaining water and blend for 2 addi- 
tional min. Prepare a 1:10 suspension by pipetting 
50 ml of the 1:5 suspension into a sterile, 50-ml buffered 
water dilution blank containing a teaspoonful of glass 
beads. (To facilitate this transfer, the tip of a 50-ml 
volumetric pipette should be cut off before sterilization 
to provide a wide bore.) Shake the diluted sample 
rapidly at least 50 times through an are of 1 ft in order 
to insure homogeneity. Prepare consecutive decimal 
dilutions at the 1:100, 1:1000, and higher levels (if 
necessary) using sterile buffered water blanks. 

(b) Multi-compartment tray meals. The contents of 
each compartment of a tray meal are analyzed as sep- 
arate entities. (Thus, for example, a frozen block con- 
sisting of meat, gravy and dressing is considered an 
individual sample.) Remove sufficient aluminum foil 
cover to expose the compartment desired for analysis. 
Using aseptic precautions, cut or chop the entire frozen 

‘For convenience, samples may be weighed a day in ad- 
vance, kept in freezer, and blended on the following day. In 
this procedure, the chopped pieces of food are weighed directly 


into a tared, sterile wide-mouth bottle, placed in the freezer, 


and transferred aseptically to the blender jar at time of anal- 
Ysis. 


block of the product (50 to 175 g) into approximately 
l-in. blocks with a sterile knife. Transfer all these 
pieces aseptically to a tared, sterile serew-cap blender 
jar and proceed as directed above for casserole meals. 

Methods of analysis. (a) Standard plate count. Pre- — 
pare duplicate plates from each dilution using 1 ml of 
inoculum per plate. Mix thoroughly with about 15 ml 
of melted milk-protein hydrolysate glucose agar and 
incubate at 32 to 35 C for 72 hr. “ 

(b) Coliform plate count. Prepare duplicate plates 
from appropriate dilutions using 1 ml of inoculum per 
plate. Mix thoroughly with melted desoxycholate lac- 
tose agar and incubate at 37 C for 18 to 24 hr. 

(c) Coagulase-positive staphylococci. Inoculate du- 
plicate tubes of trypticase soy broth containing 10 per 
cent NaCl with 1 ml amounts of appropriate dilution 
of sample. Incubate at 32 C for 48 hr and from each 
tube of the trypticase soy salt broth streak a loopful 
onto a tellurite glycine agar plate. After incubation at 
37 C for 24 hr, pick typical black colonies (glossy and 
“buttery”, 1 to 2 mm diam) to brain heart infusion 
broth. Incubate at 37 C for 18 to 20 hr. Prepare smears 
from these tubes to verify staphylococcus morphology 
and test for coagulase. (Directions for test are provided 
with ampules of the desiccated coagulase plasma.) 

(d) Enterococci, qualitative tests. Inoculate duplicate 
tubes of azide glucose broth (10 ml per tube) with 1 ml 
amounts of the appropriate dilution of sample, and 
incubate at 37 C for 48 hr. A positive presumptive test, 
indicated by visible growth, requires confirmation for 
enterococci by subculturing 0.1 ml into ethyl violet 
azide broth, with incubation at 37 C for 48 hr. A con- 
firmed test is demonstrated by turbidity and the forma- 
tion of a purple “button” at the bottom of the tube. 

As an alternate medium for azide glucose broth, 
enterococcus presumptive broth may be employed. This 
medium should be preheated to 45 C before inoculation 
and incubated at this same temperature. Although a 
positive presumptive test, indicated by acid production, 


TABLE 5 


Recovery of coliform organisms and enterococci from military 
and commercial precooked and fresh frozen foods 


No. Samples No. Positive | No. Positive for 
Examined for Coliform* Enterococci* 
Sample 
Com- Com- | Mili- Com- 
mercial Military mercial | tary | merical Military 


Precooked frozen 26 95 4 2 22 47 
meats 
Precooked frozen 30 129 12 4 30 49 
vegetables 


Chicken pot pie 45 10 30 0 45 0 
Beef pot pie 37 0 24 0 37 0 
Fresh frozen vege- 42 0 7 0 33 0 
tables 
OO re 180 234 77 6 167 96 


* Present in 0.1 g test portion. 
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may be observed after 24 hr of incubation, it is advisable 
to keep the cultures at least 72 hr before discarding 
them as negative. Confirmation in ethyl violet azide 
broth, as described above, is required. 

Quantitative tests. If quantitative determinations are 
desired, a most probable number (MPN) method may 
be employed using a series of consecutive decimal dilu- 
tions to growth extinction. For this purpose inoculate a 
suitable number of replicate tubes of azide glucose 
broth with 1 ml amounts, and, from the significant 
number of confirmed tubes in each of the appropriate 
three highest dilutions, calculate the numerical value 
using MPN tables (Buchanan and Fulmer, 1928). 

(e) Salmonella. Inoculate 50 ml of a 1:5 suspension of 
product (equivalent to 10 g of food) into 200 ml of 
selenite F broth containing cystine. After 18 to 20 hr 
incubation, streak the cultures onto brilliant green and 
bismuth sulfite agar plates and examine as described 
by Byrne et al. (1955). 


SUMMARY 


Suitable bacteriological methods for the examination 
of precooked frozen foods are discussed. Tests include 
standard plate count, coliform plate count, detection of 
coagulase-positive staphylococci and of enterococci. 

For convenience, the use of mechanical blenders to 
prepare samples for analysis is recommended as a 
standard procedure. For frozen meals, the entire frozen 
block of meat or vegetable is blended to insure a repre- 
sentative sample. 

Isolation of coagulase-positive staphylococci is facili- 
tated by an enrichment in trypticase soy broth contain- 
ing 10 per cent sodium chloride, followed by streaking 
on tellurite glycine agar. 

A comparison of several liquid media for the detec- 
tion and enumeration of enterococci is described. Of the 
media tested, enterococcus presumptive broth and 
azide dextrose broth, when followed by a confirmatory 
test, are considered suitable for use in the examination 
of frozen foods. 
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The most intensively studied bacterial polysaccharide 
is the dextran produced by Leuconostoc mesenteroides 
and related species. Most of the exocellular bacterial 
polysaccharides which have been studied have been 
produced on agar media. Of the bacterial polysac- 
charides produced by plant pathogenic bacteria, the 
glucosan produced by Agrobacterium tumefaciens ap- 
pears to have been the most thoroughly investigated 
(Putman ef al., 1950). Cooper and Preston (1935) re- 
ported a number of plant pathogenic bacteria which 
synthesize polysaccharides. Most of the investigators 
who have worked with the polysaccharides (exudates, 
gums, and so forth) produced by plant pathogenic 
bacteria have been interested in the biological proper- 
ties of these substances rather than techniques of pro- 
duction. 

Species of the genus Xanthomonas are plant pathogens 
which produce exudates at the site of lesions on infected 
plants. This work had for its purpose a study of the 
environmental and nutritional factors which affect the 
production of polysaccharide by Xanthomonas phaseoli, 
and certain other species of this genus. 


MATERIALS AND METHODS 


Organisms. The species of Xanthomonas used were: 
Xanthomonas phaseoli (USDA 2272); X. campestris 
(Dr. G. E. Pound, University of Wisconsin); X. mal- 
vacearum (ATCC 9924); X. translucens f. sp. hordei- 
avenae, (ATCC 9000); X. translucens f. sp. undulosa, 
(ATCC 9002); X. carotae (ATCC 10,547); X. hederae, 
(ATCC 9653); X. papavericola, (ATCC 10,204); and 
X. vesicatoria, (isolated in our laboratories). 

Basal medium. Modifications of the following basal 
medium were used. Glucose (anhydrous Cerelose’*), 25 g; 
enzymatic casein hydrolysate,’ 2 g; fumaric acid, 2 g; 
1 g; NazCOs, 2 MgSO,-7H,0, 0.5 g; Fe 
(III) and Zn (II), 0.2 mg each; Mn (II), 0.1 mg; 
distilled water, 1 L. The microelements were added as 
2 ml of a master solution which contained per L: 


‘Published with the approval of the Director of West 
Virginia Agricultural Experiment Station as Scientific Paper 
No. 559. 

* The first paper in this series was published in Phytopa- 
thology, 1957, 47, 113-120. 

* Corn Products Refining Co., Argo, Illinois. 

‘Nutritional Biochemical Corp., Cleveland, Ohio. 
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Fe(NO3)3-9H2O, 723 mg; ZnSO,4-7H.O, 439.8 mg; and 
MnSO,-4H.0, 203.0 mg (Lilly and Barnett, 1951). The 
pH was adjusted to 6.0 with NaOH before autoclaving. 

Fermentation vessels. The bacteria were grown in 9-L 
Pyrex serum bottles no. 670° under aeration. The 
aeration assembly and air filter are shown in figure 1. 
The necks of the serum bottles were wrapped with 
sufficient cotton and covered with gauze tape so that 
the aeration assembly fitted snugly. The medium (3 L) 
was introduced into the bottles before the aerator 


A 


BS 

Figure 1. Fermentation vessel. A. Cotton-filled air filter. 
B. Aerator head made from a tin can. The sections of the air 
line passing through the heads of the air filter and the aerator 
assembly were 3 in. lengths of threaded 1% in. pipe. C. Fritted 
glass gas dispenser tube. 


assembly and air filter were lashed in place. The entire 
unit was autoclaved (121 C) for 1 hr, shorter times of 
heating were insufficient to ensure sterility. 

Aeration. A pressure regulator was introduced into 
the compressed air line ahead of the manifold, and the 
air pressure was measured with an open end mercury 
manometer. The air pressure used varied (5 to 18 cm 
Hg) depending on the amount of foaming encountered. 
The sterile air was dispensed in the medium by means 
of a fritted-glass gas dispersion tube no. 39533, 12¢5 
An air flow of about 5 L per min was obtained with the 


5 Corning Glass Works, Corning, New York. 
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pressure at 15 em Hg. Aeration appeared to be fairly 
uniform at the beginning of an experiment, but rapidly 
decreased as the viscosity of the medium increased. 

Inoculum. The inoculum was grown in 50 ml of 
nutrient broth in 250-ml Erlenmeyer flasks. The cul- 
tures were placed on a Brunswick rotary shaker® and 
incubated at 25 C for 2 to 3 days before use. The 
inoculum flasks were stoppered with cotton and capped 
with 50-ml beakers. Fifty ml of inoculum was added to 
each bottle. 

Polysaccharide determination. The polysaccharides 
were precipitated by the addition of 3 volumes of 
acetone to the culture media. The precipitate was 
carefully collected on an L-shaped glass rod and re- 
peatedly worked with fresh acetone. Omission of this 
step resulted in a dark intractable material after drying. 
As much acetone as possible was removed by pressing, 
the remainder being removed under vacuum. The 
polysaccharides were dried overnight at 55 C before 
being weighed. Most of the polysaccharides were light- 
colored fluffy materials, provided the precipitation and 
washing with acetone were conducted properly. The 
acetone extracted most of the yellow pigment synthe- 
sized by these species. Ethyl alcohol was also satis- 
factory as a precipitating and dehydrating agent. 


RESULTS 


The results obtained with Xanthomonas phaseoli 
during the preliminary stages of the investigation are 
summarized below. Little or no polysaccharide was 
formed unless the cultures were aerated. Within limits, 
the yield of polysaccharide was proportional to the 
amount of aeration; increasing the pressure from 5 to 
15 em Hg increased the yield of polysaccharide from 3 
to 9 g per L. Foaming was a serious problem until a 
suitable antifoam agent was found. 

Polysaccharide was produced in a temperature range 
of 25 to 35 C, the highest yield being obtained at 33 C. 
No polysaccharide was produced at 40 C. The poly- 
saccharide produced at 33 and 35 C was difficult to free 
from dark-colored material which was precipitated by 
acetone. The polysaccharide produced at 25 and 28 C 
was a light colored fluffy material. Temperatures below 
25 C were not investigated. The remainder of the 
experiments with X. phaseoli and the other species 
tested were made at 28 C. 

Polysaccharide formation was rapid. The yields of 
acetone-precipitated material after 1, 2, 3, 4, and 6 days 
of incubation were 1.7, 5.0, 7.4, 7.8, and 9.7 g per L, 
respectively. A 5-day period of incubation was used in 
other experiments with X. phaseoli. 

The following modifications of the basal medium 
were tried. Media which contained 1, 2 and 4 g per L of 
enzymatic casein hydrolysate yielded 7.1, 8.6, and 10.1 


6 New Brunswick Scientific Co., New Brunswick, New 
Jersey. 


g of acetone-precipitated polysaccharide, respectively, 
Acid-hydrolyzed casein was as satisfactory as enzymatic 
casein hydrolysate. Soy bean alpha protein‘ was un- 
satisfactory; excess foaming was encountered despite 
the use of an antifoam agent. Omission of all the con- 
stituents of the medium except glucose and enzymatic 
casein hydrolysate reduced the yield to about 2 g per L. 

Glucose concentration. The yield of polysaccharide 
was determined when the glucose content of the medium 
was varied. No antifoam agent was used in these runs. 
The data are given in table 1. It will be noted that the 
best percentage yield was obtained when the medium 
contained 10 g of glucose per L; the largest yields per L 
being obtained when 50 g of glucose were used per L. 

Carbon sources. Preliminary data on the production 
of polysaccharide from various carbon sources by X. 
phaseoli have been published (Leach et al., 1957). Because 
of the large scale of the experiments, particular atten- 
tion was devoted to those carbon sources which are 
abundant in supply and reasonable in cost. All carbon 
sources were used at a rate which supplied 10 g C per L 
(table 2.) 

In addition, lactose, galactose, raffinose, and cellulose 
were investigated as carbon sources, but polysac- 
charide production on them was poor. 

Antifoam agents. Excessive foaming, which occurred 


TABLE 1 


The effect of glucose concentration on the yield of polysaccharide 
by Xanthomonas phaseoli* 


8/L g/L 

5 | 3.3 64 

10 | 7.9 79 

20 8.4 42 

25 9.0 36 

50 | 11.2 22 


* Incubation 5 days at 28 C. No antifoam used. 


TABLE 2 
Yield of acetone precipitated polysaccharide produced by 
Xanthomonas phaseoli on various carbon sources* 


Carbohydrate Yield 
10g C/L | g/L 
| 

Corn starch hydrolyzed with Diamalt II 10.17 


* Incubation 5 days at 28 C. No antifoam used; air press- 
ure 14 to 18 em Hg. 

+ The starch was boiled, cooled and diluted. Dry Fleishman 
Diamalt (Standard Brands, Inc., New York, New York), 27 g 
per 100 g starch was added. The solution was held at 37 C 
for 24 hr before incorporating the digest in the medium. 
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in many of the early experiments, caused loss of mate- 
rial, contamination, and inconvenience. Suitable anti- 
foam agents were sought. Corn oil reduced yields and 
was not effective in preventing foaming. Silicone’ 
antifoam A reduced foaming satisfactorily, but also 
reduced yields. A series of Hodag antifoam agents* were 
tested. Some of these results are presented in table 3. 
The antifoam agents were added in the amounts indi- 
cated in table 3 and autoclaved with the basal medium. 
Presumably, more efficient use of these agents and 
better yields would have been obtained had these 
materials been added as needed during fermentation. 
Polysaccharide production by other Xanthomonas spe- 
cies. The basal medium was modified by adding 0.5 ml 
of an antifoam agent (Hodag KP-2). Six fermentation 
bottles were used for each organism. The polysaccharide 
was harvested at the end of 5 days when the organisms 
were growing rapidly. The run was divided for some 
slow-growing species, three bottles being harvested at 


7 Dow-Corning Corp., Midland, Michigan. 
5’ Hodag Chemical Co., Chicago, Illinois. 


TABLE 3 


The effect of various antifoam agents on the production of 
polysaccharide by Xanthomonas phaseoli* 


| | Percentage 

Antifoam Agent | Amount Used | Yield oo on 

| ml/L | g/L 
Hodag KF | 3 | 6.4 25.6 
Hodag K6 | 3 a3 21.2 
Hodag KS | 3 3.7 14.8 
Hodag KP-1 | 3 4.7 18.8 

| 1 9.6 38.2 
Hodag KP-2 | 3 9.0 36.0 

| | 11.0 44.0 

0 


| 5 | 15.0 60.0 


* Incubation 5 days at 28 C; air pressure 15 cm Hg. 


TABLE 4 


Yields of polysaccharide by various species and subspecies of 
the genus Xanthomonas* 


| | Percentage 
Organism Yield Yield Based 
| | on Glucose 
g/L | 
X. malvacearum. 9.6 | 38.3 
X. translucens f. sp. hordei-avenae.. . oak | 20.4 
X. translucens f. sp. undulosa....... | gs | 8.8 
X. hederae (7 days).................| 3.4 13.6 
X. | 1.8 
X. papavericola (8 days)............| 3:3 13.2 
1.9 | 7.6 


* Incubation 5 days (except where noted) at 28 C; air pres- 


sure 15 cm Hg. 


5 days, the others later. The essential data are presented 
in table 4. The polysaccharide produced by most species 
had a fibrous appearance after precipitation with ace- 
tone. The polysaccharide produced by X. vesicatoria 
was exceptionally difficult to precipitate and to free 
from a dark-colored gum. 

Additional experiments were made with Xanthomonas 
hederae. By increasing the time of incubation to 10 days, 
a yield of 5.6 g per L of polysaccharide was obtained. 
Sucrose was less suitable than glucose for polysac- 
charide formation by this organism (3.7 g per L at 
9 days). 


Discussion 


Xanthomonas phaseoli differs from Leuconostoc mes- 
enteroides in that it produces polysaccharide from 
glucose, and carbohydrates which yield glucose on 
hydrolysis. In this, X. phaseoli resembles a number of 
sporeforming bacteria studied by Forsyth and Webley 
(1949). The preliminary evidence (Hedrick, 1956) indi- 
cates that Xanthomonas species synthesize heteropoly- 
saccharides or complex mixtures of homopolysaccha- 
rides. Additional studies have shown that at least six 
monosaccharides are present in hydrolysates of X. 
phaseoli polysaccharide (Unpublished). It is probable 
that polysaccharide formation by Xanthomonas species 
is a more complex process than the formation of homo- 
polysaccharides by L. mesenteroides and Agrobacterium 
tumefaciens. 

Of the species tested, Xanthomonas phaseoli, X. cam- 


pestris, and X. malvacearum appear to be the most 


suitable for the production of polysaccharides. All three 
species produced approximately 10 g of polysaccharide 
per L when the medium contained 25 g of glucose per L. 
It is probable that this yield could be doubled if ade- 
quate aeration and agitation were used. Thus, when 
only 10 g per L of glucose was used X. phaseoli con- 
verted about 80 per cent of the glucose into polysac- 
charide. 

Foaming is a serious problem unless suitable anti- 
foam agents are used. Of those tested, Hodag KP-2 
appeared to be the best. It is possible that other anti- 
foam agents would be superior. It is believed that the 
addition of antifoam agents as needed during fermenta- 
tion would be advantageous. 

It is thought that the role of the polysaccharides 
produced by plant pathogenic bacteria is to protect 
these species from desiccation and other adverse condi- 
tions (Leach et al., 1957). We have used these polysac- 
charides with some success for the preservation of 
another species of bacteria in the dry state. On the 
basis of preliminary tests, the polysaccharides produced 
by species of Xanthomonas are poor carbon sources for 
bacteria and fungi. For this reason, these substances 
might be of value as agents which promote or stabilize 
soil aggregation. In this connection, it may be noted 
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that most of the constituent sugars found by Whistler 
and Kirby (1956) in polysaccharides isolated from soil 
are also found in the polysaccharides produced by 
various species of Xanthomonas. 
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SUMMARY 


A suitable medium for the production of polysac- 
charides by Xanthomonas species consists of glucose 
(starch or sucrose), enzymatic casein hydrolysate, and 
salts. Adequate aeration and agitation are necessary, 
as well as a foam suppressing agent (Hodag KP-2 is 
suitable). The polysaccharides may be precipitated with 
acetone or ethanol. The following species produced 6 or 
more g of polysaccharide per L: Xanthomonas phaseoli, 
X. campestris, X. malvacearum and X. carotae. The 


[VoL. 6 


other species tested (X. translucens f. sp. hordet-avenae 

and f. sp. undulosa, X. hederae, X. papavericola, and X, 

vesticateria) were less productive. 
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Various modifications of a soil burial test came into 
widespread use during World War II to test the effec- 
tiveness of chemical treatments in the prevention of 
microbiological deterioration of cellulosic materials. 
In soil burial tests, fabric strips treated with the test 
preservative are buried and exposed to the activity of 
the cellulolytic microflora of a composted soil bed. 
The change in tensile strength of the sample during 
incubation is taken as a measure of the effectiveness of 
the preservative treatment. Exposure to the varied 
cellulolytic microflora in a composted soil is considered 
the most rigorous and practical means for the evalua- 
tion of antideterioration treatments of fabrics. Of much 
concern is the possibility that soil burial tests conducted 


1 Paper No. 3637 of the Scientific Journal Series, Minnesota 
Agricultural Experiment Station. 

2 Associate Professor in the Department of Bacteriology and 
Immunology and in the Department of Soils, and Research 
Assistant in the Department of Bacteriology and Immunology, 
respectively, University of Minnesota. 


in different laboratories using different soil mixtures 
may provide erratic results in the evaluation of the 
same treatment (Siu, 1951). 

The utility of the soil burial test in relation to other 
fabric testing procedures has been discussed by Bertolet 
(1944), Marsh et al. (1945), and by Siu (1951). Marsh 
et al. (1945) assumed that differences in soils with re- 
spect to physical, chemical, and biological properties 
might contribute to considerable variability in soil 
burial test data. In tests with four different soils, they 
experienced some variation but stated that results were 
more consistent than had been expected. 

Other comparative soil burial tests were carried out 
in 1944 under a program directed by the American 
Association of Textile Chemists and Colorists (1945). 
Replicate sets of treated fabric samples were tested in 
soil burial by 12 cooperating laboratories in industry 
and government, using broadly standardized proce- 
dures outlined for the testing program. Good agreement 
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among laboratories was reported for 7 days’ burial of 
strips treated with copper naphthenate, and for those 
treated with dihydroxydichlorodiphenylmethane, both 
as solvent solutions. Much variation occurred with the 
third test treatment, phenylmercurytriethanolam- 
monium lactate in water solution. Irrespective of treat- 
ment, agreement was considerably better after 7 days’ 
exposure in soil burial than after more prolonged pe- 
riods. The effect of treatment concentration was es- 
pecially noticeable in the copper naphthenate trials; at 
concentrations at which effective protection was af- 
forded (1.00 per cent Cu), there was consistent agree- 
ment among the averages reported by all laboratories 
for all periods of exposure. These data, along with those 
of Marsh ef al. (1945), illustrate that distinct differences 
do result from the use in soil burial of different soil 
mixtures by different laboratories. These studies also 
show that other factors such as kind and rate of treat- 
ment and period of exposure also contribute to varia- 
bility. In practice, other variables due to fabric ir- 
regularities, variations in formulation, unevenness of 
application, and individual variations in test conditions 
may further influence the results. 

There is little information available to indicate the 
extent to which the nature of the soil component in 
burial bed mixtures influences bed activity. Gray and 
Martin (1947) studied the effect of moisture content 
ina loam soil-manure compost. As the moisture content 
was increased over 30 per cent, sharp decreases in 
cellulolytic activity were noted. They suggested a 
moisture content of 25 per cent as about optimal for 
soil burial beds of similar texture. Armstrong (1941) 
reported an increase in the deterioration of jute propor- 
tional to an increase in the temperature of outdoor soil 
burial beds. 

This report summarizes studies of cellulose decom- 
position under conditions of the soil burial test using 
soils that differed in physical, chemical, and biological 
properties. The work is part of a project that attempts 
to evaluate the influence of soil properties on the micro- 
biological decomposition of cellulose. To segregate soil 
factors as much as possible, natural mineral soils were 
used throughout the study rather than the soil-organic 
compost mixtures usually prepared for burial beds. The 
soil properties chosen were those judged most likely to 
affect cellulose decomposition. Relationships between 
soil factors and cellulose decomposition were presumed 
to be indirect, with the influence of the soil factors 
expressed through a conditioning of the environment 
in which the cellulose decomposing microflora function. 


{XPERIMENTAL METHODS 


Samples of 21 soils of widely divergent properties 
were collected for the study from different soil forming 
regions of Minnesota. Bulk samples from the 0 to 6 


in. layer were taken to the laboratory and were screened 
and mixed. Portions of each soil were placed in glass 
containers and stored under refrigeration until analyzed. 
Analysis of soil samples retained in the cold was carried 
out as follows: pH was measured on a soil paste with a 
glass electrode pH meter; sand, silt, and clay deter- 
minations were made with the hydrometer method of 
Bouyoucous (1927); moisture equivalents were run by 
the centrifuge method of Briggs and McLane (1907); or- 
ganic carbon determinations were carried out by dry 
combustion (Piper, 1944); total nitrogen was measured 
by macro Kjeldahl (AOAC, 1945); nitrate nitrogen was 
determined by the phenoldisulfonic acid procedure 
(AOAC, 1945); nitrate nitrogen formed during the incu- 
bation of 50 g samples at 28 to 30 C over a 6-week pe- 
riod was taken as the nitrifying capacity (Waksman, 
1932); and available phosphorus was determined accord- 
ing to the procedure of Bray and Kurtz (1945). 

A dilution extinction procedure was used to enumer- 
ate the aerobic mesophilic cellulolytic microflora of 
the soils. An inorganic salts medium containing both 
nitrate nitrogen and ammonium nitrogen as described 
by Kalnins (1930) was prepared. The final pH of the 
medium was 7.3 to 7.5. Filter paper strips were im- 
mersed partially in the solution to serve as the carbon 
source. Following sterilization, 10 replicate tubes were 
inoculated with 1 ml of a suitable soil suspension at 
various dilution levels and tubes with degraded strips 
were counted at weekly intervals for 8 weeks. The most 
probable population was determined from statistical 
tables (Halvorson and Ziegler, 1933). . 

Two methods were used to evaluate the cellulose 
decomposing ability of each soil. One was a shallow 
pan burial test procedure; the other was a measurement 
of the quantity and rate of carbon dioxide evolved as 
the result of cellulose decomposition in a soil sample. 

The soil burial test procedure was patterned closely 
after that in use at the Quartermaster Research and 
Development Laboratories (1950). Soil was contained 
in rectangular Pyrex baking pans and maintained at 
its moisture equivalent during incubation of 30 C and 
90 to 95 per cent relative humidity. Test strips of 
untreated 10-ounce cotton duck were cut to 7 by 114 
in. and were soaked in distilled water; three such strips 
were buried horizontally to a depth of 1 in. in each 
pan. Nine replicate strips were buried for each incuba- 
tion period. Following a given incubation period the 
strips were removed from the soil, washed gently, 
dried at 65 C and ravelled to 1 in. After conditioning 
for 24 hr at 70 F and 65 per cent relative humidity, 
the breaking strength of each strip was determined 
on a Scott* testing machine. “A mean breaking strength 
measurement was obtained as the mean of the breaking 


3 Models J2, J3, and X3, Henry L. Scott Co., Providence, 
Rhode Island. 
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strengths of all those replicate strips for a given incuba- 
tion period not rejected on the basis of the statistical 
criterion used. An individual breaking strength test 
result was regarded as sufficiently discrepant for 
rejection if its deviation from the arithmetic mean 
exceeded twice the standard deviation of a single 
measurement. The per cent loss in breaking strength at 
each incubation period was plotted at a scale of 1 in. 
equals5 days’ incubation and 25 per cent loss in breaking 
strength. The area under the curve for the total 14-day 
incubation was determined with a polar planimeter as 
a convenient over-all expression for interpretation of 
these data. 

The quantity and rate of carbon dioxide that is 
evolved from a soil to which cellulose has been added 
serves as a satisfactory index of the ability of the soil 
microflora to decompose the cellulose (Siu, 1951). The 
cellulolytie activity of each of the soils was measured 
by carbon dioxide evolution studies in apparatus 
essentially as described by Waksman and Starkey 
(1924). Dry carbon dioxide free air was rehydrated, 
drawn through sulfuric acid traps and passed into a 
flask containing 100 g of soil moistened to the moisture 
equivalent. Carbon dioxide liberated by the respira- 
tion of soil microorganisms was drawn out of the 
flask containing the soil, trapped in absorption columns 
containing N/6 barium hydroxide, and measured by 
titration with oxalic acid. The apparatus as used in 
these studies consisted of eight individual respiration 
units coupled by common intake and exhaust mani- 
folds. The entire apparatus was enclosed in an incuba- 
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tor at 29C + 1.5. Gas exchange was effected by the 
negative pressure provided by a water pump. Cellulo- 
lytic activity of a soil was determined by comparing 
the carbon dioxide evolved from a cellulose treated 
soil with that evolved from a replicate soil sample 
without added cellulose. Cellulose treated soils had a 
square piece of untreated 8-ounce cotton duck weighing 
1 g buried in them. Carbon dioxide measurements were 
made at 2- to 5-day intervals during the course of a 
28-day incubation period. Cumulative plots were 
made for each soil at a scale of 1 in. equals 4 days’ 
incubation and 20 mg carbonate carbon. Cellulolytic 
activity was expressed by deriving the total area under 
each of the carbon dioxide curves with a polar planim- 
eter. 


REsuLts AND Discussion 


The physical and chemical properties selected to 
characterize each soil were chosen from among those 
considered likely to influence the activity of the cellu- 
lose decomposing microflora. Results of these analyses 
are given in table 1. It is clear from the data listed in 
table 1 that each of the properties under consideration 
varied among the soils studied. 

Repeated attempts were made to enumerate the 
aerobic mesophilic cellulolytic microorganisms of the 
soils, since their abundance might prove a useful index 
to the cellulose decomposing power of the soil. A variety 
of liquefiable solid media including as the carbon source 
ground filter paper, the cellodextrin of Fuller and 
Norman (1942), and the precipitated cotton fraction 


TABLE 1 
Physical and chemical properties of soils investigated 

Texture Analysis | Moisture | | Organic Total C:N | Nitrate Nitrifying Available 
Soil | pH | Carbon Nitrogen Ratio | Nitrogen | 

® % | % % | pom | ppm 

Hayden sandy loam........... _ 60 | 30 10 17 | 6.5 1.04 0.095 10.9 6.6 34.0 70.0 
| 52 | 37 11 22 | 6.5 2.12 0.178 11.9 11.5 12.0 19.0 
Milaca sandy loam............ | 76 20 4 15 | 6.0 2.13 0.112 19.0 2.3 27.0 62.0 
Milaca silt loam...............| 40 | 47 13 17 | 6.2 0.84 0.137 6.1 5.0 10.0 45.0 
Hubbard loamy sand......... | 88 4 8 | 8 | 5.9 0.85 0.095 9.0 1.5 9.0 11.0 
Hubbard sandy loam.......... | 71 18 a 6} OC} lS 1.52 0.128 11.9 | 5.9 8.0 70.0 
| 56 | 25 19 | 24 7.3 2.63 0.214 12.3 14.8 44.0 25.0 
Cloquet sandy loam........... 68 | 24 | 8 | 21 4.0 1.81 0.110 16.5 0.7 1.0 14.5 
Rabey sandy loam............ | 72 | 2 | 8 | 18 | 4.8 0.96 0.060 16.0 0.5 0.8 70.0 
Omega loamy sand............ “yf wae ae | | 5.0 1.06 | 0.051 | 20.8 0.5 0.2 | 41.5 
Menahga loamy sand.......... we 1.98 | 0.088 | 22.5 | 0.7 | 3.0 | 19.5 
Menahga sandy loam.......... | 68 | 2 | 7 | @ | 63 2.03 0.115 17.6 1.0 21.0 70.0 
Waukon doam.................- 46 | 4 | 12 | 2% | &.7 3.34 0.252 13.3 3.0 17.0 53.5 
Wankon silt loam............. |} 32 | & | MW | 385 | 7.4 4.52 0.385 11.7 17.8 21.0 15.0 
Foxhome sandy loam.......... 66 | 30 4 | 30 | 7.6 4.30 0.392 11.0 14.2 22.0 6.0 
Barnes silt loam.............. | 46 | 44 10 | 27 | 6.8 3.65 0.336 10.8 62.5 45.0 11.0 
| | | | 2 66.3) 1.65 0.194 8.5 22.3 19.0 10.0 
Skyberg loam (limed)......... 1.67 0.172 9.7 27.5 45.0 15.0 
Nebish sandy loam............ 58 | 30 | 12 | 19 | 6.4 | 1.55 0.135 11.5 16.8 29.0 47.0 
Fayette silt loam..............| 22 | 60 1 «24 | 6.5 | 1.31 0.137 9.6 28.2 25.0 21.5 
46 36 18 | 26 | 6.9 2.88 0.265 10.9 14.7 46.0 23.0 
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of Kalnins (1930), proved to be unreliable for enumera- 
tion purposes. Enumeration by means of the dilution- 
extinction procedure described was adopted and counts 
of aerobic mesophilic cellulolytic organisms derived 
by this method are listed in table 2. While the method 
proved to be the best of the microbiological counting 
techniques applied, it is thought that the results given 
in table 2 must be considered as semiquantitative data 
mainly because the end points were often obscure in 
these dilution counts and there was not adequate 
agreement between successive counts on the same soil. 
A comparison of the soils listed in order of decreasing 
dilution extinction counts in table 2 with those of table 
4 giving the cellulolytic ratings as derived by soil 
burial and carbon dioxide evolution is of interest. 
Except for the low population counts of the compara- 
tively active Clarion, Barnes, and Fayette soils, there 
appears to be fair agreement between the counts and 
the two methods used to measure cellulolytic activity. 
It seems possible that further refinements of enumera- 
tion methods may provide useful information in relating 
the cellulose decomposing microflora of the soil to its 
cellulolytic activity. 

The data obtained by both soil burial tests and car- 
bon dioxide evolution studies showed clearly that 
soils that differ in physical and chemical properties 
differ also in cellulolytic activity. Something of the 
range of variations encountered is illustrated in figure 1 
with curves representative of soils of high, moderate, 
and low cellulolytic activity. Summary data on the 
cellulolytic activities for each of the soils are given in 


table 3. It may be noted that several of the 21 field 


TABLE 2 


Semiquantitative estimates of the aerobic mesophilic cellulolytic 
microflora of soils as indicated by dilution-extinction counts 


Soil cettlose Decomposers per g 
Mubbard loamy 150,000 
139 ,000 
Woxhome sandy | 123,000 
Skyberg loam (limed plot).............) 113,000 
Milaca sandy loam... 86 ,000 
Hayden sandy loam................... 49,300 
Hubbard sandy loam.................. 19,700 
17,400 
mabey sandy 1,550 
Nebish sandy loam.................... | 1,470 
Cloquet sandy loam................... | 1,160 
Omega loamy sand.................... 933 
Menahga loamy sand.................. | 742 
561 
Menahga sandy loam..................| 425 


Milaca silt loam....................... | 116 


CELLULOSE DECOMPOSITION 


IN SOIL BURIAL BEDS. I lil 


soils compared very favorably with the soil compost 
obtained from Quartermaster Research and Develop- 
ment test beds and included as a sample of a highly 
active soil burial bed. This was the case even though 
the field soils had not been enriched by previous 
incubation with test fabrics. Inspection of the breaking 
strength data given in table 3 for the various periods 
of soil burial makes it clear that the different soils 
varied most in cellulolytic behavior during the early 
stages of soil burial. After 8 days’ burial much of the 
variability in action on untreated strips had evened 
out, and this is reflected in the limited spread of values 
obtained when the over-all breaking strength curves 
were expressed in terms of the total area under each 
curve (table 3). It is apparent that shorter periods of 
soil burial could have been used to advantage to disclose 
better the differences in cellulolytic activity among 
the soils. 

The variations in cellulolytic activity observed among 
the different soils may contribute to a better under- 


TABLE 3 


The cellulolytic activity of the soils as measured by soil burial 
tests and carbon dioxide evolution studies 


Area 
Soil Burial Tests \ 
Per Cent Tests 
Soil —| 
Per cent loss in strength in Soil Area (sq 
after (days) Burial : 
for 14 Days 
3 | s | 8 | 4 | Gain) | 28 days 
Hayden sandy loam. 26.0 71.0 89.0 96.0| 7.3. 14.2 
Hayden loam....... 27.0 61.0 [83.0 92.7} 7.0 | 14.7 
Milaca sandy loam.., — /|48.0 88.0* 96.0 | 228 
Milaca silt loam. ...| 7.0 36.0 67.0 86.0 5.3 | 7.9 
Hubbard loamy | | 
27.0 70.0 (83.0 94.0) 7.2 | 15.2 
Hubbard sandy | | | | 
See 30.0 75.0 89.0 95.8 7.6 12.7 
Clarion loam... .... 30.0 72.0 88.0 96.7 7.6 18.2 
Cloquet sandy loam. 4.0 30.0 56.0 75.0) 4.5 7.4 
Rabey sandy loam... 23.0 59.0 80.0 89.0 6.7 3.1 
Omega loamy sand.. 0.0 36.0 62.0 80.0 4.7 3.4 
Menahga loamy | | | 
BANGS 0.0 41.0 89.0 5.6 3.3 
Menahga sandy | | | 
0.0 (64.0 90.0 98.0, 6.8 4.8 
Waukon loam....... | 0.0 53.0 84.0 96.0) 6.4 8.3 
Waukon silt loam.... — (75.0 95.0 97.0 7.5 | 22.8 
Foxhome sandy loam) — 53.0 88.0*93.0 6.9 21.2 
Barnes silt loam... .|\45.3 73.0 88.7 94.9) 8.0 | 20.0 
Skyberg loam....... 14.3 52.1 82.4 94.9, 6.6 | 13.1 
42.5 70.7 87.7 7.8 | 19.2 
Nebish sandy loam. .| 3.8 39.4 64.8 83.9. 5.3 9.6 
Fayette silt loam. . 46.3 72.2 90.4 99.2 8.0 | 21.5 
Kenyon loam....... 36.9 70.7 92.3 98.5 7.8 
Phila. 54.0 81.0 97.6 8.3 21.2 


* Strips buried 10 days rather than 8 days on first test. 
+ Burial soil obtained from Philadelphia Q.M. for compara- 
tive purposes. 
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standing of soil burial, but necessarily are very difficult 
to evaluate in terms of the practical soil burial test. 
Variables other than those considered in this study 
enter into soil burial tests. Among these are the use of 
soil-compost mixtures; the use of treated fabrics that 
vary in kind, rate, effectiveness, and uniformity of 
application; and the use of varying test conditions. 
In table 4 the soils are ranked in order of diminishing 
cellulolytic action as determined by the two indices of 
cellulose decomposition. While it is obvious that the 
two measures of cellulolytic activity are not in absolute 
agreement, there is nevertheless good general agree- 
ment throughout. This is reflected in a correlation coeffi- 
cient of 0.73 between the two methods. Carbon dioxide 
evolution measurements were included in this study to 
compare this method with soil burial as an index of 
cellulose degradation. It was felt that the respiration 
technique could be applied more satisfactorily than soil 
burial to further study of soil factors. The agreement 
obtained is adequate to justify the use of carbon dioxide 
evolution techniques as a means of studying some of 
the transformations of cellulose that occur in soil 
burial. It was observed, however, from examination 
of the soil burial curves and carbon dioxide evolution 
curves of the individual soils, that the respiratory 
activity of soil microorganisms may not be a straight- 
forward reflection of the early transformations of soil 
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burial. Tensile strength often was lost rapidly in the 
first few days of soil burial while carbon dioxide evolu- 
tion during this period did not reflect the marked 
changes in tensile strength. 

The next phase of the study was concerned with a 
consideration of the physical and chemical properties 
of each soil in relation to its cellulolytic activity in an 
attempt to identify the soil factors that exert the most 
marked effects in cellulose degradation. As an aid in 
pointing out the more important soil factors and as a 
guide to the selection of soil factors for further experi- 
mentation, the statistic, correlation coefficient, was 
used. The correlation coefficients that resulted from a 
treatment of each soil property in relation to each of 
the two indices of cellulolytic activity are listed in 
table 5. Among the 21 soils, the factors that varied 
most significantly together with cellulose decomposition 
as measured by carbon dioxide evolution were pH, 
nitrifying capacity, total nitrogen, moisture equivalent, 
and nitrate nitrogen content as collected. Highest 
correlation coefficients with cellulolytic activity as 
measured by soil burial test results were obtained for 
pH, nitrate nitrogen, and nitrifying capacity. 

It is recognized that the relationships between soil 
properties and cellulose decomposition are not simple, 
and are not reflected adequately in the simple correla- 
tion coefficient. Each of the soil properties measured 


TABLE 4 
Approximation ratings of soils as based on different measures of cellulose decomposing ability 
Cellulolytic Activity | Ratings from Soil Burial Tests Area* Ratings from COs-C Evolution Tests | Area* 
Very good Barnes silt loam..................... 8.0 Wankon eit loam... 22.8 
| Payette ait 8.0 | Milaca sandy loam................... 22.8 
| 7.8 | Fayette silt loam.................... 21.5 
Hubbard sandy loam. ............... 7.6 Foxhome sandy loam................ | 21.2 
Waukon silt loam.................... 7.5 | Skyberg loam (limed)................ 19.2 
| Hubbard loamy sand. ............... 7.2 
Good 7.0 Hubbard loamy sand. ............... 15.2 
Foxhome sandy loam................ 6.9 | 14.7 
| Menahga sandy loam................ 6.8 | Hayden sandy loam.................. 14.2 
Milaca sandy loam................... 6.6 | Hubbard sandy loam................ 12.7 
Fair 6.4 Nebish sandy loam.................. 9.6 
| 7.9 
| Cloquet sandy loam... | 7.4 
Poor Menahga loamy sand............... | 5.6 Menahga sandy loam................ | 4.8 
| Nebish sandy loam.................. 5.3 Menahga loamy sand................ | 3.3 
Omega loamy sand.................. 4.7 Rabey sandy 10am... .........6.0..5: | 3.1 
| Cloquet sandy loam................ 4.5 


* Figures refer to the area in sq in. under the respective curves plotted from the data on cellulose decomposition. 
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in this study is not an independent variable; any single 
factor is operative to an extent conditioned by the 
peculiar combination of the many other factors. Thus 
in any one soil the influence of a single factor on cellu- 
lose decomposition is modified by interaction with and 
interdependence on other soil factors; moreover, the 
nature and extent of this interaction varies from one 
soil to another as each has developed under its particu- 
lar complex of dynamic biological, physical, and 
chemical components. The data strongly suggest that 
soil reaction and the nitrogen relationships of the 
soil are most important factors influencing the activity 
of the cellulolytic-soil microflora. This is in agreement 
with the early literature on cellulose decomposition 
in soil reviewed by Waksman (1932), and with some- 
what more recent investigations (Waksman and Hutch- 
ings, 1935; White et al., 1934 and 1949). Additional 
data on the effect of soil nitrogen and soil pH on cellulo- 
lytic activity are reported in a subsequent paper. 
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Correlation coefficients-(r-value) between soil factors 


and cellulose decomposition 


Soil Factor 


| 


Cellulolytic 


| Acitivity Measured 


Cellulololytic 


Activity Measured 


by CO2-C by Soi! Burial 

Evolution* Test* 
Sand content. —0.47 —0.44 
Clay Combet... | +0.41 +0.50 
Moisture equivalent......... | +0.57¢ +0.40 
Organic carbon content...... +0.50 +0.31 
Total nitrogen content....... +0.637 +0.44 
Nitrate nitrogen.............| +0.57t +0.59F 
Nitrifying capacity.......... +0.69t +0.58t 
Available phosphorus........ —0.38 —0.13 


* r-Value between CO.-C evolution and soil burial = 0.73. 


ft Significant at the 1 per cent level. 
t Significant at the 2 per cent level. 
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Figure 1. Curves representative of soils of high (top), medium (center), and low (bottom) cellulolytic action 
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SUMMARY 


Twenty-one soils representative of a variety of soil 
forming conditions and of widely divergent properties 
were studied for their ability to degrade cellulose 
textiles. The following properties were determined for 
each soil sample: per cent sand, silt, and clay, moisture 
equivalent, pH, organic carbon, total nitrogen, carbon- 
nitrogen ratio, nitrate nitrogen, nitrifying capacity, 
and available phosphorous. These soil properties were 
correlated with cellulose decomposing ability as 
measured by (a) the quantity and rate of evolution 
of carbon dioxide during the decomposition of a fabric 
sample and (b) the decrease in tensile strength of 
fabric strips in the course of a standard soil burial 
test procedure. Untreated cotton duck was used 
throughout as the cellulose substrate. 

Soils that differed in physical and chemical properties 
were found to differ in their ability to degrade cellulose. 
Carbon dioxide evolution studies and soil burial test 
procedures were in general agreement as independent 
measures of the cellulolytic activities of the soil. 

None of several cultural attempts to enumerate the 
aerobic mesophilic cellulolytic microflora of the soils 
proved satisfactory. The best of the cultural procedures, 
a dilution extinction count, was somewhat useful in 
estimating the cellulolytic activity of soils, but counts 
obtained were considered semiquantitative at best. 

Correlations between soil properties and cellulolytic 
activities were calculated to help identify the soil 
factors that exert the most marked effects in cellulose 
degradation. The soil properties that varied together 


most consistently with cellulolytic activity in correla- 
tion studies were soil pH, nitrate nitrogen content, 
and nitrifying capacity. 
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Microbiological breakdown of cellulose materials 
in soil as influenced by the soil environment is of inter- 
est to both agriculture and industry. The need for 
better understanding of possible effects due to varia- 
tions in soil used as a component of soil burial beds 
led to investigations on the cellulolytic activities of 
diverse mineral soils. An accompanying paper (Schmidt 
and Ruschmeyer, 1958) reported studies of the physical, 
chemical, and microbiological properties of 21 soils in 
relation to cellulolytie activity. It was found that soil 
reaction and soil nitrogen relationships varied most 
consistently together with the cellulose decomposing 
ability of a soil. The present report provides additional 
evidence for the importance of these environmental 
factors to the cellulose decomposing microflora as 
demonstrated by studies in which cellulolytic response 
to simple soil amendments was measured. 


{XPERIMENTAL METHODS 


Descriptions of the soils used and of the two methods 
employed to determine cellulose decomposition are 
available (Schmidt and Ruschmeyer, 1958). Untreated 
cotton duck was used throughout as the cellulose 
substrate. The reaction of acid soils was raised to the 
desired values by the addition of calcium carbonate in 
amounts of 0.5 to 2.0 per cent as indicated by empirical 
methods. In all such treatments, the soil and calcium 
carbonate mixtures were allowed to equilibrate in the 
moist condition in an incubator with occasional stirring 
for a period of at least 1 week before tests for cellulo- 
lytic activity were made on the amended soil. Soils 
prepared in this manner were found in preliminary 
tests to evolve no more carbon dioxide in the absence 
of cellulose substrate than the unaltered soils. 

Two soils of normally high pH, the Waukon silt loam 
and the Clarion loam, were acidified to about pH 4 
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by intermittent leaching with 0.05 n HCl. After partial 
drying, half of each soil was restored to near normal 
pH values empirically by the addition of CaCQ3;. 
Both halves were treated with KNO; and K,HPO, to 
provide 100 ppm N and 27 ppm P as assurance of excess 
major nutrients and to replace nutrients possibly 
lost in leachates. Portions of acidified and acidified plus. 
lime soils were then compared for cellulolytic activity. 
A more satisfactory method of lowering the pH values 
of circum-neutral soils by prolonged incubation (5 
months) with 1.0 per cent sulfur was adopted for the 
Clarion, Fayette, and Kenyon samples. Comparable 
control samples of each were prepared without the 
addition of sulfur, and were incubated along with the 
treated soils. 


RESULTS AND DIscussION 


Influence of soil reaction. Addition of calcium carbon- 
ate and calcium nitrate to six acid soils in accordance 
with the schedule shown in table 1 resulted in pH 
changes recorded in the same table. The cellulolytic 
activities measured by collecting the carbon dioxide 
evolved during degradation of cotton duck buried in 
each soil sample are expressed in figure 1. All soils of 
this group were rated low to moderately high in cellulo- 
lytic activity (Schmidt and Ruschmeyer, 1958). In 
each instance, the increase in pH that resulted from 
calcium carbonate amendment was attended by a 
substantial increase in cellulose decomposition as meas- 
ured by CO: evolution. When normal and limed por- 
tions of five of the same acid soils were tested in soil 
burial, additional effects of pH were observed (table 2). 
It is apparent that the addition of lime was most effec- 
tive in increasing tensile strength loss in the case of the 
highly acid, poorly buffered, and light textured Rabey, 
Cloquet, and Menahga soils. In the two heavier 
textured, better buffered, and less acid soils, a signifi- 
cant response from addition of lime was limited only to 
the first two incubation periods of the Skyberg loam, 
with little or no effect on the Waukon. Differences in 
the expression of soil reaction and in the expression of 
changes in soil reaction must be expected to vary from 
soil to soil. Soil pH is not an independent variable but, 
like other soil properties, exerts an influence as modified 
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by interaction with other chemical and_ biological 
features of the soil. 

The importance of pH in cellulose decomposition was 
assessed further in experiments with soils of normally 
high pH and good cellulolytic activity. Clarion loam and 
Waukon silt loam soils were acidified to a pH of about 
4 by rather extensive leaching with dilute acid. Acidified 
portions of these soils were compared with acidified 
plus lime portions in a CO: evolution study; results are 
shown in figure 2. After acidification the Waukon silt 
loam was improved distinctly in cellulolytic activity 
by liming to pH 5.3 to 6.2. The activity of the acidified 
plus lime soil was greater than that recorded earlier 
for the soil as collected. The Clarion loam, on the 
other hand, was altered physically by the acidification 
treatment as the soil structure was destroyed. The 
addition of calcium carbonate to the acidified soil 
did not result in greater CO. evolution. Since the 
activities of both the acidified and acidified plus lime 
samples were about the same as those recorded in earlier 
experiments with the normal (pH 7.3) soil, it appeared 
likely that pH may not have been so important a factor 


TABLE 1 
Effect of calcium carbonate and calcium nitrate additions to soils 
on the pH changes observed during measurement of 
cellulose decomposition 


| H Final 


| | 
P | cubation 
— 
| & | ppm N | | 
Cloquet sandy loam — — | 47 | 4.4 
— | 7.5 | 6.9 
| — | 10 | 3.9 | 3.7 
1.0 100 7.3 | 6.9 
Rabey sandy loam 5.2 | 5.5 
} 1.0] — | 7.3 | 7.5 
| 100 | 4.9 5.6 
1.0 | 100 | 7.1 73 
| | 
| 
Omega loamy sand Pi. | 5.6 5.4 
09 | — | 7.3 | 7.3 
| — | 100 | 5.0 | 5.6 
0.9 | 100 | 6.9 7.1 
| 
Menahga loamy sand | | = | ae 5.4 
05), — 8.0 | 7.5 
— | 100 | 5.0) 5.4 
0.5 100 | 7.3 | 7.4 
Waukon loam | | 5.8 
20 | — | 7.9 | 8.0 
— | 1000 | 4.8 | 5.2 
2.0 | 1000 | 1 
Skyberg loam —_{|— 5.3 | 5.3 
— 100 | 5.3 | 5.6 


Skyberg loam (limed plot) 
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in cellulolytic activity with the Clarion soil as with 
other soils studied. 

Later experiments included further study of the 
effect of pH on Clarion loam. The Clarion loam, Kenyon 
loam, and Fayette silt loam were acidified by the much 
less drastic method of incubation in the presence of 
powdered elemental sulfur. Table 3 gives the results of 
comparisons between control and acidified soils in soil 
burial tests, and also shows the extent to which cellulo- 
lytic activities of the acidified Clarion and Kenyon 
soils could be restored by pH adjustments with calcium 
carbonate. The data show that, when each of the cireum- 
neutral soils was acidified, a sharp decline in the cellulo- 
lytic activity of the acidified portion resulted. Full 
activity of the acidified samples was restored by raising 
the pH to that of the normal soil with the addition of 
calcium carbonate. 

The, importance of soil reaction to the cellulose 
decomposing microflora of a soil as demonstrated by 
these data is in good agreement with most investigations 
of the matter. While Waksman (1932) seemed to favor 
the opinion of some of the early workers cited by him, 
that a change in soil pH merely alters the composition 
of the cellulolytic flora and not its over-all activity, 
his own investigations do not bear this out. In a number 
of experiments, Waksman (1938) and Waksman et al. 
(1928) demonstrated that cellulose decomposition in 
acid soils was enhanced by the addition of calcium 
carbonate. White et al. (1949) used 3 different soils and 
11 different pH levels within each soil to show very 
clearly that cellulose decomposition was influenced 
strongly by soil reaction. They observed maximum 
cellulolytic activity at pH 7.2 in all 3 soils. 

Enhancement of the decomposition of cellulose 
strips buried in soils amended with lime as opposed 
to the more acid soil was noted frequently. In an effort 
to determine whether this effect was associated solely’ 
with an increase in pH or partially due to added calcium 
ions, 2 soils were studied after treatment with a normal 
salt of calcium. Calcium sulfate was added to Omega 
and Menahga loamy sands in amounts necessary to 
bring the calcium ion concentration approximately 
to that obtained by calcium carbonate amendments in 
previous experiments with these soils (table 1). Carbon 
dioxide evolution from squares of buried cotton duck 
was followed. The COs curves obtained for calcium 
sulfate treated soils with little pH change were about 
the same or only slightly better than those obtained for 
unamended soils, and were not nearly so high as curves 
which resulted from the addition of calcium carbonate 
with attendant pH increases. These data are sum- 
marized in table 4. Results are in keeping with the view 
of Waksman (1932) that calcium sulfate additions 
had no effect on cellulose decomposition. 

Data obtained in this study point to the reaction of 
the soil environment as one of the important factors that 
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influence the rate of cellulose decomposition. However 
the influence of pH is not expressed to the same extent 
in all soils, nor does it have the same significance for a 
given soil at all stages of incubation. This, as men- 
tioned previously, is to be expected since pH interacts 
with other soil factors and is moderated (or enhanced) 
as a result of interaction. The cellulolytic microflora are 
diverse and dynamic and the means are not available 
to follow the ecological changes in the microflora that 
are mediated by variations in the soil environment 
during cellulose breakdown. The same significance 
observed for pH under the conditions of this study does 
not necessarily pertain in soil burial bed practice, in 
which the mineral soil is composted, different standards 
of cellulolytic performance are used, and degradation 
of treated rather than untreated strips is of greatest 
concern. Additional sources of variation, as well, enter 
into the practical soil burial test (Schmidt and Rusch- 
meyer, 1958). 

Influence of inorganic nitrogen. Nitrogen amendments 
did not enhance the action of the cellulolytic microflora 
of soil as consistently as did liming. With the nitrogen 
additions outlined in table 1, carbon dioxide that 
evolved from buried squares of cotton duck was meas- 
ured. The curves of CO: evolution are given in figure 


120 


60 
4 
69 


1. In the Cloquet, Rabey, and Skyberg soils, the nitrate 
was much less effective than lime in increasing carbon 
dioxide evolution. In the Waukon, Menahga, and 
Omega soils, there was definite enhancement of COs 
evolution with added nitrate and this was additive to 
the effect of lime. For all soils except the Skyberg, the 
nitrogen treatment resulted in some increase in carbon 
dioxide evolution over that from the soil containing 
only cellulose. It should be mentioned that the Skyberg 
contained a moderate level of nitrate nitrogen (22 ppm) 
as compared to the low levels of other soils (0.5 to 3.0 
ppm). 

Omega and Skyberg soils were used to determine 
the effect of different nitrogen sources on CO: evolved 
during the degradation of buried fabric. Calcium nitrate 
and ammonium nitrate at rates of 100 ppm N were 
added along with enough calcium chloride to the 
ammonium nitrate amended soils to make all samples 
comparable in calcium additions. Results of this 
experiment are shown in figure 3. Little effect from 
either form of nitrogen was observed with the Skyberg, 
and the slight increase in CO. evolution noted in 
nitrogen amended samples was about the same for both 
nitrate and ammonium forms. Carbon dioxide evolu- 
tion in the Omega soil was increased definitely by the 
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Figure 1. Effect of pH and nitrate on the carbon dioxide evolved from 1 g strips of cotton duck buried in control and treated 


samples of six acid soils. 
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addition of available nitrogen, particularly in the 
nitrate form. Part of the effects may have been due to 
pH changes since the final pH was not the same in all, 
treatments; those soils treated with ammonium chloride 
were lowered in pH, especially the Omega samples. 
These data emphasize that a short supply of avail- 
able (inorganic) nitrogen in a soil may restrict the 
activity of the cellulose decomposing microflora. Other 
investigators (Jensen, 1931; Waksman and Skinner, 
1926; and White et al., 1934) have found that treatments 
with ammonium or nitrate nitrogen effectively increased 
the rate of cellulose decomposition in soils. The extent 
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to which the cellulolytic microflora is dependent on 
inorganic nitrogen in the soil is a question of consider- 
able interest. It seems likely from these results that the 
bulk of the organic nitrogen of a soil is not available 


acidified + CoCO,+ cellulose 
/ 
acidified + cellulose 


TABLE 2 er 
Effect of raising the pH of acid soils on the decomposition of 
cellulose as measured by the deterioration of cotton | 
strips in the soil burial test oO 
uJ 
Per Cent Los 
wa Days pH in Strength > wl / acidified + CoCO, (pH 6.2) 
| Normal | Limed |Normal > acidified (pH 4.3) 
Skyberg loam 3 5.3 (| 14 43 ° 
| 5 52 71 
| 8 _ — | s2 | 8 
| 12 | 5.3 | 7.1 | 95 97 i | 
Waukon loam 56 = acidified + cellulose 
| 5 | 5.4 | 7.4 | 72 75 ie | 
| §8 5.6 7.4 = 
5.7 75 | acidified + Cac 
Rabey sandy loam | 4.6 7.0 | 2 | 47 
5 4.7 55 | 86 
8 4.9 7.4 67 95 as 
12 4.9 7.4 90 98 
ad CLARION 
Cloquet sandy loam acidified + CaCO, (pH 7.7) 
8 | 49 | 7.2 | 73 | 93 acidified (pH 5.8) 
‘ig TIME IN DAYS 
Menahga loamy sand 3 5.0 6.9 34 41 Figure 2. Effects of pH change on carbon dioxide evolved 
5 4.8 6.9 56 | 75 from cotton duck buried in acidified portions of soils normally 
| as 4.8 6.7 | 77 | 95 nearly neutral in reaction. Curves are presented for untreated 
| 12 |°5.3 7.2 | 94 | 100 and limed Waukon silt loam and Clarion silt loam after acidifi- 
cation. 
TABLE 3 


Effect of pH changes on cellulolytic activity of soils normally about neutral in reaction 


| 
| 
Soil | 
| 


Per Cent Loss in Strength in Following Days Burial: 


Treatment pH 
| 3 | 4 | 5 7 8 

Kenyon loam | Normal | 6.9 | 40.8 | | 76.0 94.7 
| Acidified* | 3.4 | 15.9 | | 45.3 74.6 
Kenyon loam Normal | 7.0 29.5 | | 73.6 |, 89.1 
Acidified + CaCO, | 7.3 | 55.7 | | 82.9 | 98.2 
Clarion loam Normal | 7.0 | 49.2 | 84.4 | 93.3 
| Acidified | 40 | 13.8 | | 43.3 79.3 
Clarion loam Normal | 7.0 | 48.9 | | 76.6 7.5 
Acidified + CaCO; | 73 | 36.5 | | 7.5 95.9 

Fayette silt loam | Normal | 6.3 | 41.3 | | 72.3 

| Acidified 3.9 | 4.3 | 36.5 


* Soils acidified with powdered sulfur. 
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TABLE 4 


Degradation of cellulose in soils as affected by calcium 
carbonate and calcium sulfate amendment 


Mg CO2-C Evolved Above or Below Contro!* 


Days Incubation 


Omega loamy sand{ Menahga loamy sandt 
CaCOs CaSO. CaCO; CaSOxg 
0-5 | 8 1 9 -2 
6-10 25 4 22 -—3 
11-15 38 5 18 —5 
16-20 | 8 0 9 0 
21-25 2 3 13 -1 


* Control contained cellulose with no added CaCO; or 
CaSO. 

Final pH: Omega control, 5.0; Omega + CaSO, , 4.3; 
Menahga control, 5.1; Menahga + CaSO, , 4.8. 
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Figure 3. Curves of carbon dioxide evolved for Skyberg loam 


and Omega loamy sand as affected by additions of inorganic 
nitrogen. One per cent cellulose present in all soil samples. 
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to the cellulose decomposers. Soils low in nitrate 
responded (figures 1, 3, and 4) to applications of inor- 
ganic nitrogen despite a total nitrogen content many 
times that applied; on the other hand, the soils not 
affected by inorganic nitrogen additions, Skyberg and 
Barnes, were well supplied with nitrate nitrogen prior 
to treatment. Additional evidence on this point was 
presented (Schmidt and Ruschmeyer, 1958) in correla- 
tion studies where the nitrifying capacity was used as 
an over-all expression of the many microbiological 
transformations of organic soil nitrogen leading ulti- 
mately to nitrate nitrogen. Soils of high nitrifying 
capacities were found consistently to support the most 
extensive cellulolytic microflora. 

Influence of phosphate amendment. Correlation studies 
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Figure 4. Carbon dioxide evolved from Barnes silt loam and 
Waukon silt loam as affected by treatments of potassium phos- 
phate and calcium nitrate. One per cent cellulose added to all 
samples. 
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(Schmidt and Ruschmeyer, 1958) disclosed _ little 
relationship between the available phosphorous content 
of soils and their ability to decompose cellulose. How- 
ever, in view of the recognized importance of inorganic 
phosphate to the carbohydrate metabolism of micro- 
organisms, it was considered worthwhile to investigate 
further the possibility that this factor might be limiting 
to cellulose decomposition in soils low in available 
phosphorus. Barnes silt loam and Waukon silt loam, 
both judged low in available phosphorus by chemical 
soil test, were treated in one series with mono- and di- 
potassium phosphate to a concentration of 27 ppm 
phosphorus. In other series, calcium nitrate was added 
to provide 100 ppm N alone and together with phos- 
phate treatments. Effects of these treatments on 
cellulose degradation are given in the carbon dioxide 
evolution curves of figure 4. 

Neither soil gave more than a slight response to the 
addition of inorganic phosphate as compared to the 
activity of unamended control samples. The addition 
of nitrogen together with phosphorus did result in 
enhanced carbon dioxide evolution in the Waukon soil 
to illustrate again the interaction among soil properties. 
These data together with the observations referred to 
above suggest that phosphorus is unlikely to limit 
microbial transformations of cellulose even in soils 
very low in “available” phosphate as determined 
by chemical extraction, but may become somewhat 
limiting to certain soils if the general level of cellulo- 
lytic activity is increased. Soils very low in organic 
matter and hence low in total phosphorus might have 
exhibited greater response to phosphate additions, but 
no attempt was made to test such soils. 


SUMMARY 


The cellulose decomposing activity of soils as affected 
by simple manipulations of soil properties was studied 
by carbon dioxide evolution measurements and_ soil 
burial tests with untreated cotton duck as the cellulosic 
substrate. Soils used in previous studies were altered 
with respect to reaction, inorganic nitrogen and in- 
organic phosphorus levels. Mineral soils in their natural 
condition as opposed to composted soils were used 
throughout. 

Six acid soils of low to moderately high cellulolytic 
activity were adjusted to slightly alkaline pH values 
by the addition of calcium carbonate. A substantial 
increase in cellulolytic activity as measured by carbon 
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dioxide evolution over that evolved by untreated soil 
was noted in each instance. When normal and limed 
portions of five of the same soils were tested in soil 
burial, increased cellulolytic activity was most evident 
for the three light textured, poorly buffered, acid forest 
soils, and least evident for the two heavier, better 
buffered soils. Acidification of three soils normally 
around pH 7 by prolonged incubation with sulfur 
sharply decreased cellulolytic activity in soil burial. 
Full activity of the acidified samples was regained 
rapidly by the addition of enough calcium carbonate 
to restore the normal reactions of the soils. In contrast 
to the effects of pH changes due to calcium carbonate 
amendments, the addition of a normal salt of calcium, 
‘alcium sulfate, that did not affect the soil pH had no 
appreciable effect on the cellulolytic activity. 

Applications of inorganic nitrogen to soils low in 
nitrate resulted in increased cellulose decomposition. 
Ammonium and nitrate nitrogen were about equally 
effective as nitrogen sources. The microbiological 
transformations affecting the quantity and rate of 
inorganic nitrogen formation appeared to be very 
important to the activity of the cellulolytic microflora 
of soils. 

Addition of inorganic phosphate to two soils low in 
available phosphorus according to soil test had limited 
effect on cellulose decomposition, but one of the soils 
was increased definitely in activity by a combined 
treatment of nitrogen and phosphorus. 
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Plastics are widely used for many different purposes, 
but the effects of these materials on the development 
of bacteria have not been studied extensively. Un- 
doubtedly some investigations were conducted before 
plastic Petri dishes were marketed but few references 
are available on this subject. 

Mackenzie (1951) compared water passed through 
lead pipes and Alkathene (polymerized ethylene plastic) 
pipes and found no significant differences between the 
two waters in coliform counts, in total counts at 22 or 
37 C, or in numbers of actinomycetes or fungi. Stahl 
and Pessen (1953) studied the microbiological degrada- 
tion of plasticizers which are generally high molecular 
weight esters combined with a plastic to give the result- 
ing product a suitable flexibility. Aspergillus versicolor 
and Pseudomonas aeruginosa were found to utilize, as 
the sole source of carbon, certain dialkyl sebacates, a 
number of commercial plasticizers, and various alcohols 
used in plasticizers. 

Tiedeman and Milone (1955) investigated 22 samples 
of plastic pipe over a period of 3 years to determine 
their suitability for underground use in conducting 
cold, potable water. In one part of their study, a 
weighed quantity of segmented plastic pipe was placed 
in water in Pyrex bottles and held for 3 days at 35 C 
and then stored for 9 days at 10 C. Bacteriological tests 
indicated that 70 to 160 organisms per ml of water were 
originally present, whereas after the 3 day incubation 
period the numbers of organisms per ml of water in 
which the different types of plastics had been held were: 
polyethylene, 2; polyvinyl chloride, 2; a mixture of 
polyethylene and polyvinyl chloride, 4; cellulose 
acetate butyrate, 19,000; and rubber modified poly- 
styrene, 1,700,000. These same water samples showed 
no significant change in bacterial counts after the 9 
days’ storage in the refrigerator. Similar water without 
plastics had a bacterial count of 2 at the start, a count 
of 1 after 3 days and also after 9 days. The authors 
suggest that materials from certain plastics may leach 
into the water providing nutrients for microbial growth. 

Zytel, a nylon resin produced by DuPont, was sub- 
jected to bacteriological testing by an independent 
commercial laboratory (U. 8. Testing Co., Inc., 1956). 
Pasteurized milk stored in the presence of bars of this 
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plastic showed no significant change in bacterial 
numbers when compared with controls. 

The present study was undertaken to determine 
whether plastics were inhibitory to bacteria commonly 
encountered in milk. The question of toxicity arose 
when it was proposed to develop an inexpensive, single 
service plastic bag and catheter for collecting milk 
samples directly from udders and shipping to a labora- 
tory for bacteriological testing. 


MATERIALS AND METHODS 


Twenty-three different plastic materials in pellet 
or powder form were furnished by nine manufacturers. 
The manufacturer, trade name of the plastic, and its 
chemical nature are listed: 

1. Phillips Petroleum Company, Bartlesville, Okla- 
homa: Marlex 50 polyethylene resin 22274. 

2. B. F. Goodrich Chemical Co., Cleveland, 
Ohio: Geon, rigid polyvinyl! chloride, 8700 A gray. 

3. Geon, vinyl chloride resin, 103 EP. 

4. Koppers Company, Inc., Monaca, Pennsylvania: 

Dylan, polyethylene, 3900 Natural D-5. 

. Super Dylan, polyethylene, 6200 Natural 8-5. 

6. Rohm & Haas Company, Philadelphia, Pennsyl- 

vania: Plexiglass, acrylic plastic, V-100. 

7. Plexiglass, acrylic plastic, VM-100. 

8. Bakelite Co., New York City, New York: 

Bakelite, rigid vinyl plastic, VGG 1100 Clear 121. 

9. Bakelite, polyethylene resin, DYNH-1. 

. E. I. du Pont de Nemours & Company, Wilming- 
ton, Delaware: Zytel, nylon resin 42. 

. Zytel, nylon resin 101. 

. Zytel, nylon resin 31. 

. Alathon, 10 Polyethylene resin molding powder. 

. Teflon molding powder, 1 tetrafluoroethylene 
resin, 20994. 

. M. W. Kellogg Company, Jersey City, New 
Jersey: Kel F, Plastic Molding powder— 
trifluorochloroethylene G 3624. 

. The Dow Chemical Co., Midland, Michigan: 
Styrex, copolymer of styrene, acrylonitrile 767. 

. Styron, rubber-styrene class 475. 

. Styron, polystyrene 666. 

. Saran, copolymer of vinylidine chloride and 
vinyl chloride 281. 


or 
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. Ethocel, ethylcellulose R21. 
. Eastman Chemical Products, Inc., Kingsport, 
Tennessee: Tenite, cellulose acetate butyrate 
201A. 
. Tenite, cellulose acetate butyrate 205A. 

23. Tenite, cellulose acetate butyrate 454A. 

Bacteriological plate counts were made using M-P H 
medium (BBL). All plates were incubated at 35 C for 
48 hr before observing or counting. Laboratory cultures 
of Escherichia coli and a coagulase positive strain of 
Micrococcus pyogenes var. aureus were employed for 
preliminary studies. In other phases of the investiga- 
tion a strain of streptococcus and a culture of M. 
pyogenes var. aureus, isolated from milk from infected 
bovine udders, were included to determine the effect of 
plastics on such organisms. To further test this point, 
abnormal milk from an udder with teats damaged by 
freezing was mixed with plastics and the microflora 
studied. 


RESULTS 


Preliminary tests. The first test performed was to 
determine the effect of autoclaving different plastics 
in the presence of M-P H agar and the subsequent 
effect of this medium on two cultures of bacteria. 
Fifteen plastics were selected and 1.0, 2.5, and 5.0 g, 
respectively, of each were added to bottles containing 
100 ml of agar and then sterilized. Duplicate sets of 
plates were poured making certain that none of the 
plastic was carried over into the Petri dishes. One set 
of plates was streaked with M/. pyogenes var. aureus 
and the other set with /. coli. After incubation bacterial 
growth on control plates containing agar which had 
been sterilized without plastic was compared with 
growth on plates that had plastics in the medium during 
autoclaving. The growth on all plates was comparable 
indicating that under the conditions tested none of the 
plastics exhibited a toxic effect. 

The second experiment was designed similarly to 
that employed for testing antibiotics with sensitivity 
discs. Petri dishes were poured with M-P H agar 
inoculated with M. pyogenes var. aureus and E. coli, 
respectively. Before the agar had completely hardened 
five pellets or an equivalent amount of powdered plastic 
were grouped together. In this way five different 
plastics were tested on each plate. After incubation no 
zone of inhibition was noted around any of the plastics, 
and the amount of growth on all plates, including 
those without plastics, was comparable. 

Effect of Super Dylan and Teflon on organisms from 
infected udders. The polyethylene plastic Super Dylan 
6200 was selected to determine its effect on M. pyogenes 
var. aureus and a streptococcus. These cultures were 
isolated from milk from abnormal udders. Since it was 
originally proposed to develop a plastic bag for milk 
samples, flasks of fresh whole milk were inoculated 
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with the microcoecus and the streptococcus respec- 
tively. Fifty ml portions of milk were added to milk 
dilution bottles containing 2.5 g, 5.0 g, and 10.0 g 
respectively of the plastic. To simulate field conditions 
of refrigerating samples while shipping to a laboratory, 
the bottles were held at 9 C and plate counts were made 
after 0, 6, and 24 hr. 

The findings (table 1) indicate that Super Dylan in 
concentrations as high as 20 per cent had no inhibitory 
effect on the bacterial population in the milk while 
being held for 24 hr at 9 C. 

A similar run was made using the molding powder 
Teflon (1 tetrafluoroethylene resin) and an inoculum 
as large as might be encountered in heavily contami- 
nated milk. The milk samples were held at 9 C for 48 
hr before the final plating. The results shown in table 2 
indicate that there was no inhibitory action on the 
inoculated micrococcus or streptococcus by this plastic. 
In fact, there was generally a greater increase in 
bacterial numbers when the test organisms were in 
contact with the plastic than when they were in milk 
alone. 

Effect of all plastics studied on organisms isolated from 
abnormal milk. This test was made to determine whether 


TABLE 1 


Number of organisms per ml in inoculated fresh whole milk 
containing various concentrations of Super Dylan 6200 after 
different periods of holding at 9 C 

| 
| Plated 


| Per Cent of Plastic Added to Inoculated 
Milk 


Inoculation 
hr | 
Micrococcus py- | 0 | 5,600 9,000 5,000 
ogenes var. | 6 4,700 6,500 7,300 
aureus 24 _ 13,000 10,000 13,000 
| | 
Streptococcus sp. | 0 | 2,400 2,400 2,800 
| 6 | 3,200 | 3,400 | 3,200 
24 4,600 4,500 5,500 
TABLE 2 


Number of organisms per ml in inoculated fresh whole milk 
containing various concentrations of Teflon after 
different periods of storage 

| 
| Plated 


Per Cent of Plastic Added to Inoculated 


Inoculation | _ After 
0 5 | 10 20 
hr 
Micrococcus pyo- 0 | 320 240 250 | 690 
genes var. aureus 24 750 | 5,800 5,900 | 6,400 


Streptococcus sp. | 0 34 63 62 80 


* Stored at 9 C. 


122 
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‘ | 48 | 1,000 | 3,700 | 9,700 | 9,000 
| 
| 
| 24 | 2,000 3,300 | 2,600 
| 48 | 1,000 | 15,000 25,000, — 


1958] EFFECT OF PLASTICS ON MICROORGANISMS IN MILK 123 


any of the 23 plastics being investigated were toxic 
to the organisms used in the previous experiment. 
Since no deleterious effect on the test bacteria had 
been noted when 20 per cent of Super Dylan or Teflon 


TABLE 3 


Numbers of organisms per ml in inoculated fresh whole milk 
plus various plastics after different periods of storing at 9 C 


Inoculation 


Plastic Micrococcus pyogenes 


Streptococcus sp 


0 hr | 24 hr | 48 he | Ohr | 24 hr | 48 hr 


thousands 

140 160 | 370 | 180 | 380 | 480 
CEN, er Se 140 | 170 | 200 | 200 | 750 | 460 
Dylan G000:......6 6.05 45505. 150 | 160 | 160 | 220 | 340 | 550 
Super Dylan 6200.......... 140 | 190 | 160 | 180 | 340 | 580 
Plexiglass V-100........... 190 | 220 | 140 | 250 | 430 | 440 
Plexiglass VM-100......... 200 | 190 | 200 | 200 | 310 | 590 
Bakelite VGG 1100........ 190 | 150 | 230 | 220 440 | 550 
Bakelite DYNH-1......... 170 | 180 | 200 | 240 | 390 | 410 
190 | 180 | 160 | 270 | 330 | 330 
AAS el ee 200 | 200 | 180 | 300 | 550 | 750 
200 |2800 | 180 | 310 | 580 | 370 
140 | 190 | 570 | 260 | 370 | 680 
170 | 500 | 160 | 280 290 | 610 
180 | 200 | 210 | 230 | 400 | 540 
150 | 370 | 170 | 270 | 390 | 460 
250 | 170 | 180 | 310 | 560 | 610 
POR ATS. 120 | 160 | 190 | 230 | 500 | 620 
Styron @G6.............05.. 160 | 190 | 150 | 240 | 450 | 540 
210 | 230 | 240 | 280 | 320 | 400 
Bthocel R21... . 0.6.55... 150 | 190 | 190 | 300 | 340 | 520 
Tenite butyrate 201 A.....| 180 | 120 | 210 | 300 | 400 | 540 
Tenite butyrate 205 A.....| 230 | 180 | 170 | 190 | 380 | 690 
Tenite butyrate 454 A..... 130 | 210 | 210 | 330 | 430 | 450 

Control (No plastic)..... 150 | 200 | 170 | 160 | 380 | 410 

TABLE 4 


Numbers of organisms per ml in milk from injured udder plus 
representative plastics after different periods of storing at 9 C 


| Standard Pl | H ly ti 
pStandard Standard | 
Plastic Agar 
| 24 he hr | Obr | 24 hr 88 o he | 48 
thousands 
1. Marlex*........ 17| 12 | M4 16 | 13 14 9.4| 7.6| 9.3 
3. Geon........... 13| 7.2) 12) 9.9} 11 | 7.716 | 8.6 
5. Super Dylan. ..| 15) 15 | 14) 16 | 13 | 14 8.611 | 9.6 
7. Plexiglass......| 15) 17 | 14) 15 | 15 | 15) 9.4) 9 
8. Bakelite........| 14, 14 | 14) 11 | 16 16 6.6 9 10 
14. Teflon..........) 14) 14 | 15,15 | 11 | 141 | 7 | 9.2 
13} 15 | 17) 15 | 16 | 18| 9.5) 9 |11 
19. Saran.......... 17| 7.9) 10) 11 | 7.5) 11) 6.5! 4 | 7.2 
21. Tenite.........| 15 17 | 15] 18 | 14 | 167.3; 6 (11 
} | | 
Control (No | | a | 
plastic) ........ | 15 16 | 16 16 | 12 | 159.78 | 9.8 
* See text. 


was used, 10 per cent concentrations were employed in 
this experiment. The addition of this amount of each 
plastic to 50 ml of raw whole milk was calculated to be 
approximately equivalent to the quantity which would 
be in contact with the milk in a plastic collecting and 
shipping bag. All samples were held at 9C and plate 
counts were made after 0, 24, and 48 hr. 

The findings are given in table 3. On the whole, there 
is no great variation in the numbers of micrococci de- 
veloping in the presence of the different plastics. In 
most cases the numbers of streptococci increased when 
held for 48 hr at 9 C. This experiment indicated that 
none of the plastics exhibited any pronounced inhibi- 
tory effect on the test organisms. 

Effect of representative plastics on microflora of ab- 
normal milk. To determine the effect of nine representa- 
tive plastics on the microflora of abnormal milk such 
as might be submitted to a laboratory for bacteriological 
examination, a sample was obtained from a cow whose 
teats had been frozen. The milk contained small flakes 
or pieces of curd and showed some tendency to separate 
on standing. Thirty ml portions of milk were added to 
milk dilution bottles along with 6 g of plastic. Plate 
counts were made on M-P H agar and on bovine blood 
agar. On the latter medium, total counts as well as a 
count of any colonies showing hemolysis were made. 
The findings are given in table 4. The control counts 
are for the milk without added plastic. 

In most instances, little variation was found between 
the standard plate counts on M-P H agar and the 
standard plate counts on blood agar of the abnormal 
milk with or without added plastics. Hemolytic strepto- 
cocci and micrococci accounted for more than half of 
the microbial population, and there was no indication 
that the plastics tested exhibited any toxicity towards 
these organisms. ‘ 


DISCUSSION 


Several laboratory tests have been performed to 
determine whether representatives of the plastics be- 
ing marketed inhibit microorganisms found in milk. 
It was hoped that the information obtained would 
indicate the feasibility of using a plastic bag for trans- 
porting milk samples collected aseptically. 

The basic method developed included making 
bacterial plate counts of milk to which 10 to 20 per 
cent of plastic pellets or powder and test organisms 
were added. These prepared samples were held at 9 C, 
which is at the higher limit for a refrigerated specimen, 
for 48 hr. This period is probably near the maximum 
time permissible in the routine transit of many samples. 
In no instance was evidence obtained that any plastic 
exhibited a definite inhibitory effect on the test or- 
ganisms or on the microflora of abnormal milk from a 
cow’s udder which had the teats frozen recently. 
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SUMMARY 


The effects of 23 plastics in pellet and powder form 
on stock cultures of Micrococcus pyogenes var. aureus 
and Escherichia coli, on freshly isolated strains of a 
micrococcus and a streptococcus from abnormal milk, 
and on the microflora of raw milk from an injured 
udder were studied. On the basis of quantitative bac- 
teriological tests, there was no evidence that the 
plastics of types including polyethylene, polyvinyl 
chloride, acrylic plastic, nylon resin, tri- and tetra- 
fluoroethylene resin, polystyrene, ethylcellulose and 
cellulose acetate butyrate were toxic to the micro- 
organisms investigated. 
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These results indicate that it should be feasible to 
fabricate a single service plastic bag for transporting 
aseptically collected milk samples to the laboratory 
without the plastics studied being detrimental to the 
organisms present. 

Note: Since completing this study, a plastic bag 
similar to that proposed by Mr. E. L. Cole has been 
advertised in the S/P Bulletin published by Scientific 
Products, Division of American Hospital Supply 
Corporation, Evanston, Illinois. The Cath-Urine unit 
is a disposable catheter and collection bag for female 
catheterization or for collection of any fluid from a body 
cavity into which the catheter may be inserted. 
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During the past several years the Millipore molec- 
ular filter apparatus has been adopted for bacterio- 
logical examinations of water and sewage, isolation and 
identification of pathogenic microorganisms, and filtra- 
tion of certain pharmaceutical fluids (Clark et al., 1951). 
However, adaptation of this technique to bacteriology 
of the streptococci and for the isolation and identifica- 
tion of other organisms characterized by lysis of red 
blood cells has been lacking. Because the Millipore 


1 From Project Report NM 52 06 04.1.1, the Bureau of Medi- 
cine and Surgery, Navy Department, Washington 25, D.C. 
The opinions expressed herein are those of the authors and 
cannot be construed as reflecting the views of the Navy De- 
partment or the Naval Service at large. The use of commer- 
cially available products does not imply endorsement of these 
products or preference to other similar products on the market. 

2 Present address: Department of Bacteriology, Veterans 
Hospital, Downey, Illinois. 


filter is particularly useful in detecting bacterial con- 
tamination in relatively large volumes of nearly bac- 
terial free fluids, its adaptation for use in the isolation 
of beta-hemolytic streptococci would make _ possible 
epidemiological investigations of sources of streptococ- 
cal contamination beyond the limitations of conven- 
tional dilution methods. 

The purpose of this study was to devise a means of 
adapting the Millipore filter technique for the isolation 
of beta-hemolytic streptococci. 


MATERIALS AND METHODS 


The hydrosol filter holder, Millipore® filters (white 
grid 0.47 mm diameters) absorbent pads, and plastic 
disposable Petri dishes were used throughout these 
experiments. To eliminate direct contact of water on 


3 Millipore Filter Corp., Watertown, Massachusetts. 
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the filters during the sterilization, the membrane filters 
were placed between absorbent pads and wrapped in 
Kraft paper before autoclaving at 10 lb per sq in. pres- 
sure for 10-min periods. The plastic Petri dishes were 
sterilized by overnight ultraviolet irradiation. 

Test material used in these experiments consisted of 
distilled water seeded with strains of group A, C, and 
G beta-hemolytic streptococci, and water samples ob- 
tained from a swimming pool used in the training of 
Navy recruits. The former materials were used to adapt 


Figure 1. Colonies of beta-hemolytic streptococci using blood 
agar on molecular filter from hydrosol. A. (Top) Magnification 
2.5 X. B. (Bottom) Magnification 5.5 X. 


the Millipore filter technique to the isolation of beta- 
hemolytic streptococci, and the latter to attempt the 
isolation of beta-hemolytic streptococci from the swim- 
ming pool water using the new procedure. 

The artificially and naturally contaminated solutions 
used in this investigation were passed through the 
hydrosol filter holder and filter grids under a differential 
pressure of 70 cm of Hg. Between each sample in a given 
series, about 350 ml of sterile distilled water were em- 
ployed to rinse the filter holders. The seeded filter grids 
(grid side up) were layered on absorbent pads previously 
placed in plastic disposable Petri dishes and impreg- 
nated with 0.8 ml of a modified Todd-Hewitt broth 
(Levinson and Frank, 1955) which is used for the rou- 
tine isolation and identification of beta-hemolytic strep- 
tococci. The Todd-Hewitt broth contained 0.01 per 
cent 2,3,5-triphenyltetrazolium chloride and 0.04 per 
cent sodium azide (Slanetary et al., 1955). A preliminary 
incubation at room temperature for about 2 hr preceded 
the final incubation at 37 C in sealed desiccator jars 
where the atmosphere was kept saturated by moist 
paper towels. Plates were observed for growth and/or 
hemolysis after 12, 24, 48, and 72 hr incubation. 
Colonies exhibiting beta-hemolysis were subcultured to 
fresh blood agar plates containing 5 per cent sheep blood 
for isolation and serological identification. 

RESULTS 

In earlier experiments attempts were made to grow 
the streptococcal strains on the surface of the membrane 
grids as routinely employed with other strains of bac- 
teria. The main concern here was to obtain a suitable 
liquid medium which would permeate the filter mem- 
brane and support streptococcal growth. Although a 
modified Todd-Hewitt broth was conducive to strepto- 
coceal multiplication, a comparison of colony counts on 
the membrane and by conventional pour-plate method 
was not satisfactory. One reason for the lower count 
on the membrane filter was due to the difficulty in dis- 
cerning the rather small colonies against the white 
background of the membrane grid. Addition of 2,3,5- 
triphenyltetrazolium chloride to the liquid broth did 
allow better colony differentiation, however, it did not 


TABLE 1 
Comparison of colony counts of solutions of test streptococcal 
strains employing the Millipore filter overlayed with sheep 
blood agar and the standard blood agar pour-plate method 


Solution Containing 


Standard Blood Agar 
Streptococcal Strain 


Millipore Filter* Pour-Plate* 


-| 


A-19 | 1 | 5 
A-17 | 245 | 228 
C 69 | 83 
G 95 | 144 


* Inoculum was 1 ml of 5 X 1077 dilution of an 18 hr broth 


culture. 
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aid in the primary identification of beta-hemolytic 
streptococci in the presence of multiple contaminants. 

Thus, a series of experiments were undertaken in 
which whole sheep blood was employed to detect the 
presence of beta-hemolytic streptococci either indirectly 
or directly on the membrane filter grids. It was reasoned 
that, since the sheep red blood cells could not pass 
through the filter membrane, the blood must be used 
in such a manner as to detect the trapped streptococci 
on the surface of the filter. 

At first, after the membrane had been seeded with the 
test streptococcal strain and allowed to incubate at 
room temperature on the absorbing pad containing 
Todd-Hewitt fluid broth, the membrane was removed 
and placed with the seeded side down on the surface 
of a sheep blood agar plate. Whether the membrane 
was allowed to remain on the agar during 37 C incuba- 
tion or removed prior to incubation, this resulted in a 
procedure which proved unsatisfactory for the counting 
of streptococcal colonies. Smearing of the inoculum or 
an irregular impression of the membrane due to air 
pockets between the membrane and the agar surface 
were mostly responsible for the failure of this technique. 

Another approach to the problem was to flood the 
seeded membrane, while in contact with the broth pad, 
with 2 to 3 ml of molten blood agar (figure 1). In pre- 
liminary experiments along this line, it was found that 
prior incubation at room temperature for about 2 hr 
before the addition of blood and subsequent incubation 
at 37 C overnight resulted in not only more uniform 
counts but also better correlation with the pour-plate 
count technique. 

In table 1 are shown the results of a typical experi- 
ment comparing the standard blood agar pour-plate 
with the membrane filter counts when molten blood 
agar was used to overlay the filter membrane. As can 
be seen, the correlation between the two methods is 
good. 

During this investigation 20 samples of swimming 
pool water of 500 ml each were tested for the presence 
of beta-hemolytic streptococci employing the adapted 
blood agar membrane filter method. Although no strains 
of beta-hemolytic streptococci were found, other bacteria 
isolated such as alpha-streptococci, hemolytic staphy- 
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lococci, and coliforms were easily observed and ap- 
peared to be uniformly distributed over the filter pad 
without any evidence of overgrowth from the coliform 
or gram positive bacilli. However, since the samples 
were collected during a period of the year when the 
streptococcal incidence is negligible, additional studies 
are to be pursued in the hopes of isolating streptococci 
from swimming pool water during the season when 
beta-hemolytic streptococci are more frequently isolated 
from the recruits. 
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SUMMARY 


A two hour preincubation of the seeded membrane 
filter on a filter pad, saturated with Todd-Hewitt broth 
containing sodium azide and_ triphenyltetrazolium 
chloride followed by overlaying the membrane with 
5 per cent blood agar, made it possible to adapt the 
Millipore filter for the isolation and identification of 
beta-hemolytic streptococci. Quantitatively the adapted 
method correlated well with the standard agar pour- 
plate method. 


ADDENDUM 


During an outbreak of streptococcal disease in the 
winter of 1957-1958, beta-hemolytic streptococci of 
group A, types 12, 18, and 19, and of groups B and G 
have been isolated at various times from swimming pool 
water by the technique described above. 
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The bactericidal effect of sunlight was demonstrated 
as early as 1878 by Downes and Blunt who reported 
that culture media exposed to sunlight for several hours 
remained sterile, while corresponding portions of the 
same media which were allowed to stand in shaded 
portions of the same room became contaminated. 
Tizzoni and Cattani (1891) and Wesbrook (1896) re- 
ported the killing of Clostridium tetani spores by sun- 
light, while Arloing (1885a, b, ¢) and Buchner (1892) 
observed that microorganisms in general were killed 
by sunlight. Ward (1892) was one of the first investi- 
gators to suggest that a specific region of the solar 
spectrum was responsible for the lethal effects of sun- 
light. He found that bactericidal activity was a func- 
tion of the shorter wave lengths, that is, the blue and 
violet end of the spectrum, and that this activity re- 
mained evident even after screening out the yellow, 
orange, and red bands with suitable filters. 

Much recent work in this field has been concerned 
with the bactericidal effects of the mercury vapor are 
lamp emission which is characterized by a highly bac- 
tericidal band at 2537 A. This wave length is much 
shorter than any of the solar radiations reaching the 
surface of the earth. A few investigators, Buchbinder 
(1942), Buchbinder et al. (1941), Blum and Mathews 
(1952), and Hollaender (1943) among them, have re- 
ported on the action and effects of natural sunlight on 
agar and aqueous suspensions of a variety of bacterial 
species. Whisler (1939), working with various sources 
of artificial light, all of which emitted strong bacteri- 
cidal bands of wave lengths shorter than 302 mug, ob- 
served that bacteria suspended in air were killed at 
rates proportional to the intensity of the light, but that 
the killing effect was modified by, and dependent upon, 
the per cent relative humidity of the aerosol. 

Preliminary work at this laboratory suggested a 
fairly vigorous bactericidal activity in the solar ultra- 
violet spectrum (3000 to 4000 A), and the presently 
discussed series of experiments was designed to furnish 
some bases for evaluating the effects of sunlight on 
bacterial aerosols. Inasmuch as the organisms employed 
for this work, Pasteurella pestis and Pasteurella tularen- 
sis, were both highly virulent, cloud studies were 
carried out in the laboratory where suitable conditions 
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of safety could be maintained. This restriction neces- 
sitated the substitution of artificial simulated sunlight 
for natural sunlight. While the use of artificial light 
allowed accurate control of intensity, the composition 
of the light was somewhat different from that of sun- 
light, especially in the visible portions of the spectrum. 
However, the use of filters in combination with the 
light source resulted in a moderately close approxima- 
tion to natural sunlight, particularly with regard to 
bactericidal efficiency. Humidity, a determining factor 
that appears to be closely linked to the bactericidal 
action of sunlight, was readily controlled. 


MATERIALS AND METHODS 


Cultures. Pasteurella pestis cultures were grown in 
beef heart infusion broth to which 0.5 per cent xylose 
was added. Cultures were incubated at room tempera- 
ture for 24 hr during which time they were shaken con- 
tinuously at a rate of 72 cycles per min. At the end of 
the incubation period, the cultures contained approxi- 
mately 1 X 10!° viable cells per ml. Pasteurella tularen- 
sis cultures were grown in a casein partial hydrolysate 
medium at 37 C. Viable cell counts after 20 hr incuba- 
tion were about 2 X 10'° cells per ml. All cultures were 
held at 4C. It was found that long storage, even at 
this temperature, resulted not only in decreased viabil- 
ity but in a noticeable increase in variability of re- 
sponses of the cells to treatment. Cultures which, after 
a period of storage of 10 to not more than 28 days, 
showed a drop in titer to 1 X 10° viable cells per ml, 
or less, were discarded. Under certain conditions of 
light intensity and humidity which appeared to favor 
growth and made plate counts difficult and inaccurate, 
it was found necessary to dilute the spray suspension 
before generation of the cloud. In the case of P. tu- 
larensis, peptone-cysteine broth was used as the dil- 
uent, while beef heart infusion was employed for P. 
pestis. 

Chamber. The cloud chamber (figure 1) employed 
for this work consisted of a glass cylinder (7)! approxi- 
mately 28 cm in diameter and 33 em long, with a vol- 


1 Italic numbers in parentheses refer to numbered items in 
figure 1. 
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ume of about 20L. A Vaponefrin Nebulizer? (6) and 
an air inlet tube entered the closed end of the chamber 
through a rubber stopper. A small rubber bladed fan 
(9) rotated by means of a shaft through a mercury seal 
at 100 rpm was located at the bottom of the chamber, 
and served to mix, or stir, the cloud during the spray- 
ing period. An exhaust pipe (//) led from the top of 
the chamber to an ultraviolet air sterilizer (72), a 
series of 1! in. diameter aluminum tubes containing 
tubular UV mercury vapor lamps (Miller et al., 1955). 
The total length of this unit was 12 ft. Tests have 
shown it to be highly efficient in killing not only vege- 
tative cells but bacterial spores passed through at rates 
of from 1 to 10 cfm. 

To allow for irradiation of the cloud, the open end 
of the cylindrical chamber was covered and sealed with 
a polyethylene diaphragm (10) 0.0015 in. thick. This 
was transparent to wave lengths as short as 2537 A, 
and transmitted more than 90 per cent of wave lengths 
3000 A and longer. 

Humidity of the chamber atmosphere was controlled 
by varying the moisture content of the secondary air 
supply (2) and (3), and the per cent RH was measured 
by means of an Aminco Hygrometer*® (5) the sensing 

2 Vaponefrin Co., Upper Darby, Pennsylvania. 

3 American Instrument Co., Silver Spring, Maryland. 
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element of which was incorporated in the common air 
line. The nebulizer was operated at 12 psi (1) and at 
this pressure the air flow rate through it was 6 L per 
min, the liquid feed rate 0.2 ml per min. 

Light source. The light source used for the irradiation 
of aerosol clouds was composed of a bank of 16 General 
Electric Type RS Sunlamps' (/3) mounted on a mov- 
able rack, in combination with a plastic filter (74) 
which cut off wave lengths shorter than 3000 A. This 
filter was developed by means of biological comparisons 
of natural sunlight with the artificial light of Type RS 
lamps. These lamps emit a spectrum which is fairly 
similar, but not identical, to that of sunlight. Since 
the ultraviolet portion of the spectrum is produced by 
a mercury vapor are there is, in spite of the filtering 
action of the glass bulb, some emission of wave lengths 
shorter than 3000 A. To approximate natural sunlight, 
it was necessary to eliminate these. A number of plas- 
tic and glass filtering materials were tried but poly- 
ethylene film appeared to offer the most promise. Agar 
plate cultures of Serratia marcescens were used as bio- 
logical indicators in the comparison of natural and 
artificial sunlight. Inoculated plates were exposed to 
sunlight of various intensities for periods of time rang- 


‘General Electrie Co., Nela Park, Cleveland 12, Ohio. 
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Figure 1. Solar type radiation studies. Schematic diagram of apparatus. /, Primary air; 2, secondary air, dry; 3, secondary air, 
wet; 4, mixer; 5, hygrometer; 6, nebulizer; 7, 20-L chamber; 8, sampling port; 9, fan; 10, polyethylene diaphragm; /1, exhaust; 12, 
ultraviolet air sterilizer; 13, light souree—RS sunlamps; 1/4, filter; 15, 100 ml syringe; 16, Casella Slit Sampler; 1/7, Blickman Safety 
Hood. 
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ing from 10 to 90 min. Light intensity was measured 
in terms of erythemal vitons® (the only method avail- 
able to these investigators at the time), and the dose, 
intensity X time in min, calculated. Dose was plotted 
against the per cent survival which resulted in the 
uppermost curve, labeled Natural Sunlight, as shown 
in figure 2. About 2000 plates were exposed in this 
manner. 

The experiments were repeated using Type RS Sun- 
lamps without any filters (lower curve, figure 2) and 
in combination with filters built up of various numbers 
of layers of polyethylene film. The intensities of the 
filtered light were adjusted as closely as possible to 
corresponding sunlight readings. It was found that a 
filter composed of 32 layers of polyethylene film, each 
0.0015 in. thick, allowed transmission of light com- 
parable, from the standpoint of bactericidal efficiency, 

> Koller (1952) states that, ‘41 E-viton is the radiant flux 
which will produce the same erythemal effect as 10 ww of 2967 
A radiation. The E-viton. ..is quite analogous to the lumen 
which is used in photometry.’’ The instrument used in the early 
stages of this work was a General Electric Sunlamp Test Meter 
No. 3, which was repaired, and calibrated at 3022 A, by the 
manufacturer prior to this work. 
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Figure 2. Effect of light on survival of Serratia marcescens 
plant cultures. 
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to natural sunlight at any given intensity. Subsequent 
tests with two species of Bacillus and four of Pas- 
teurella corroborated these findings. This combination 
of sunlamps and polyethylene filter was used for the 
ensuing work. 

Light intensity was controlled by varying the num- 
ber of lamps and their distance from the chamber, and 
was measured by means of a radiometer constructed 
for the purpose. It consisted of an RCA Phototube No. 
935,® which responded to wave lengths from 2000 to 
6000 A with a peak response at 3400 A, and a Corning 
Glass Filter No. 7-51,’ which transmitted wave lengths 
of 3000 to 4100 A, with maximum transmittance at 
3600 A. Phototube and filter were mounted in a suit- 
able housing and calibrated at 3650 A by the National 
Bureau of Standards. The signal was amplified and 
recorded in microamperes by means of an RCA Ultra- 
Sensitive Microammeter,® and the readings converted 
to 

Sampling. During experimental runs samples were 
taken routinely from the aerosol cloud at 2-min inter- 
vals for the entire period of the run, usually 20 min. 
Samples were 10 ml in volume, and were obtained with 
a 100 ml syringe (15) fitted with a long, 1g in. diameter 
needle which was inserted through the sampling port 
(8) in the side of the chamber. This port, a rubber tube 
run through a stopper fixed in the wall of the chamber, 
was normally kept closed with a pinch clamp. After 
removal from the chamber the 10 ml samples were 
diluted with 50 ml of air and plated directly on blood 
agar by expressing the contents of the syringe into the 
inflowing air stream of a Casella Slit Sampler* (76), a 
device often used for sampling room air. This procedure 
eliminated the need for resuspension of the aerosol 
particles in liquid and the necessary subsequent plating 
techniques. After a suitable period of incubation, 48 
to 72 hr, plates were counted, and the minute decay 
rate (MDR), which was equal to the sum of physical 
fall-out plus biological death less the product of phys- 
ical fall-out and biological death, calculated according 
to the formula: 


log Co — log C 100 
T, —T 


MDR = 1 — antilog 


where 


I 


Ca = plate count at time 7'p 


C = plate count at time 7 


The entire apparatus was inclosed in a large Blick- 
man Hood® (17) and all operations performed with 
rubber gloves attached to the ports of the hood. Prior 
to cloud generation, the humidity in the chamber was 


6 Radio Corporation of America, Tube Division, Harrison, 
New Jersey. 

7 Corning Glass Works, Corning, New York. 

8 C. F. Casella & Co., Ltd., London, England. 

9S. Blickman, Inc., Weehawken, New Jersey. 
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adjusted to a previously determined level somewhat 
lower than that finally desired. After a spray period of 
10 sec, during which time approximately 0.033 ml of 
suspension (containing roughly 3 X 10° cells) was 
sprayed into the controlled atmosphere, sufficient mois- 
ture was added to bring the per cent RH up to the 
required level. The fan was operated at 100 rpm during 
the 10-sec spray time and for a period of 30 sec follow- 
ing in order to allow the cloud to become evenly dis- 
tributed throughout the chamber. The fan was then 
stopped and the first sample taken. This was considered 
the initial zero-time sample. Irradiation was started 
immediately after this first sampling and continued 
throughout the duration of the run. Samples were taken 
at 2-min intervals during the entire 20-min run and 
temperature, humidity, and light intensity were re- 
corded before and after each experiment. 


RESULTS 


Pasteurella tularensis. Table 1 is a summary of the 
data obtained under the previously outlined experi- 
mental conditions. The number of runs for each com- 
bination of light and humidity varied from 6 to 18 
with an average of 9.6 runs for each combination of 
conditions. Total decay rate, the sum of the physical 
fall-out and biological death less the product of phys- 
ical and biological decay, and expressed as minute 
decay rate (MDR), was thought to be the best index 
of the effects of the combined irradiation-humidity 
factors on the air-borne bacteria. It should be remarked 
that physical fall-out was of a low order, since the mass 
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median diameter of the particles generated by the Va- 
ponefrin Nebulizer? was about 1.2 uw. Particles of this 
size, with the density of water, settle at a rate of ap- 
proximately 5.5 in. per hr. It was supposed that at 
high humidities, particles might tend to pick up addi- 
tional moisture which would increase the physical decay 
rate. This was not borne out, however, by the data 
obtained during this work. The figures in column 15 
for the nonirradiated controls indicate low MDR values 
at both ends of the humidity scale, 7 and 5 per cent 
per min at 25 and 95 per cent RH, respectively. The 
peak decay rate of 18 per cent per min at 60 per cent 
RH seems to suggest this as a least favorable humidity 
as far as cell viability was concerned. Decay rates of 
15 and 12 per cent per min were obtained at 40 and 
80 per cent RH. On these bases it might well be assumed 
that very high and low humidities favored air-borne 
cell viability, that physical fall-out throughout the 
entire humidity range was probably no greater than 
6 per cent per min, and that any increase above this 
figure was the result of biological death resulting from 
an unfavorable moisture content of the air. 

Clouds irradiated at 30 uw/cm? presented an entirely 
different picture. At a relative humidity of 25 per cent 
the MDR reached a high of nearly 57 per cent per 
min, and then dropped, as the humidity was increased, 
to a minimum around 8 per cent per min at 95 per cent 
RH. At 60 ww/em? light intensity the decay rate in- 
creased to 63 per cent per min at 25 per cent RH, which 
was followed by a uniform decrease as the humidity 
was raised to about 25 per cent per min at near-satura- 


TABLE 1 
Effects of solar-type radiation and per cent RH on aerosol stability of Pasteurella tularensis 
2 | 2 3 4 | 5 | 6 | 7 | 8 | 9 | 10 11 | 12 | 13 | 14 15 
fs Average Plate Counts at Time in Minutes: 
> | Percent | No. of 
0 2 | 4 | 6 8 | 10 12 14 16 18 20 

0 25 9 446 | 367 | 342 | 328 292 250 | 215 156 151 122 104 7.0 
0 40 13. | 318 | 220 | 133 | «79 58 44 «| 37 31 25 17 16 15.2 
0 60 18 | 538 | 202 | 124 | 80 52 39 24 20 13 12 8.11 17.5 
0 80 11 — | 384 | 473 392 334 285 173 124 94 67 51 12.0 
0 95 7 | 149 | 95 | 113 | 98 76 | 69 61 65 63 55 47 5.0 
30 25 9 | 402 | 13 | 2.44 | 0.77 0.11 0.38 — — — —_ = 56.5 
30 | 40 62 | 350 | 9.50) 3.40) 1.77) O81) — — | 48.5 
30 | «60 8 | 747 | 145 | 53 | 32 | 28 3} 33.5 
30 80 6 | 428 | 521 | 459 | 337 | 227 | 195 | 148 | 74 43 22 13.5 
30 9% | 6 169 | 148 =| 151 =| 157 | «132 s2 | s2 | 6 | 49 45 35 7.7 
60 2 | 8 | 308 | 6.75 | Ot) om) | | - | - — | 62.5 
60 40 8 288 7.75 | 3.00 | 1.50 0.18/ 0.31; 0.06; — | — | — — 51.0 
60 60 10 346 | 40 | 18 | 8.40 2.75 | 1.35 0.95 0.45 — 1. = = 38.0 
60 80 7 | 682 499 | 334 | 169 iff om | 1.85) 1.14) 30.5 
60 95 9 | 371 | 417 | 285 |193 | 87 | 6 | 39 | 18 8.44) 5.11| 1.66) 25.3 
95 25 2853.72) 1.00 0.13 0.09 | 0.04, — | — — | — | 7.7 
9 | 40 | 11 | 236 | 2.09| 0.63) 0.31 | 0.00; 0.09; — | — a or — | 60.0 
95 60 | 14 210 | 14 07; 0.79; 0.18 | 0.04; — | 58.0 
95 80 | 8 190 98 16 6.00 3.31 | 1.06 0.31 | 0.25 Loe — | — 40.0 
95 95 67 55 42 | 13 2.75) 1.00; — |. 33.3 
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tion, and at a light intensity of 95 ww/cm? a correspond- 
ing increase in the MDR resulted, reaching a high of 
72 per cent per min at 25 per cent RH and a low of 33 
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per cent per min at 95 per cent RH. 


% Recovery Based on Zero Time= 100% 


The above mentioned data have been graphically 
compared in figures 3, 4, and 5. The data from which 
the slopes in figure 3 were plotted were not all ex- 
ponential straight lines; many showed a slight curva- 
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Figure 3. Effect of per cent RH on total decay of Pasteurella tularensis 
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ture. However, the best fitting straight line was, in 
each case, employed as being representative of the 
average rate of decay and is so shown in this figure. 

In figure 4, the decay rates as per cent per min were 
plotted against light intensity at five different humid- 
ities. This shows the comparative increases in MDR at 
any light intensity, and demonstrates what appeared 
to be a protective mechanism associated with the 
presence of moisture in the atmosphere in which the 
particles were suspended. The lower curve, that for 
95 per cent RH, is comparatively flat at very low light 
intensities, and increased in rate through the 30 to 60 
uw/em? interval. Above 60 yw/cm? there is some in- 
dication of a slight leveling off. The curve for rates of 
killing at 80 per cent RH may be seen to follow a more 
or less parallel course, while at humidities of 60 per 
cent RH and lower the killing effect of light increased 
greatly. It is interesting to note that the bactericidal 
efficiency of low intensity light was proportionately 
greatest at low humidities. 

The protective effect of moisture is illustrated in 
figure 5 where decay rates were plotted against per 
cent relative humidity at four different light intensities. 
The effect of humidity alone on the nonirradiated con- 
trols may be noted here, the extremes of the humidity 
scale producing very low values for MDR, while max- 
mum rates were obtained at 60 per cent RH. Decay 


75 


MDR 


30 60 95 
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Figure 4. Relative effects of light intensity at five humidities 
upon Pasteurella tularensis. 
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rates for clouds irradiated at 30, 60, and 95 pw/cm? 
illustrate the marked degree of protection afforded by 
moisture. Statistical analyses have shown these de- 
creases in decay rates to be linearly proportional to 
the relative humidity. 

Recoveries based on total number of cells sprayed 
were low, but for purposes of comparison per cent re- 
coveries based on zero-time counts considered as 100 
per cent are shown in figure 3. The zero-time plate 
counts (table 1, column 4) showed no particular trend, 
especially those of the nonirradiated controls, although 
at 95 pw/cm? something approaching a definite trend, 
a decrease in survival with each increase in humidity, 
seemed evident. 

After irradiation was started, definite trends could 
be seen, and a positive relationship between recovery 
and humidity made evident. In column 5 it may be 
noted that at a light intensity of 30 ww/em?, recoveries 
at 25 per cent RH dropped to an average low of 13, 
but increased rapidly with each successive increase in 
humidity to a maximum of 521 at 80 per cent RH, 
with a final drop as humidity approached the satura- 
tion point. At the 2-min sampling time, this same pat- 
tern was evident at light intensities of 60 and 95 uw/cem?, 
and continued to hold at the low intensity throughout 
the entire course of the runs. However, when light 
intensity was increased to 60 uw/cm? a change in pat- 
tern began to manifest itself after about 6 min. For 
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Figure 5. Relative effects of humidity at four light inten- 
sities upon Pasteurella tularensis. 
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example, in column 7 it may be noted that peak re- 
coveries were achieved at 95 per cent RH rather than 
at lower humidities, and this trend continued through- 
out the balance of all the runs. The same effects were 
ohtained with clouds irradiated at 95 pw/em?. 

Pasteurella pestis. The same experimental conditions 
were employed, and a summary of the data which 
were obtained may be found in table 2. Minute decay 
rates for each set of conditions are shown in column 15. 
The relationships between decay rates and humidity, 
for the nonirradiated P. pestis controls, differed some- 
what from the corresponding MDR’s obtained with 
P. tularensis. In the present case, a decay rate of 11 
per cent per min at 25 per cent RH was followed by a 
decrease to 8.5 per cent per min at 40 per cent RH. 
Then, with each increase in humidity, the MDR in- 
creased to a maximum of about 24 per cent per min 
at 80 per cent RH, and leveled off with no further 
changes irrespective of humidity. 

Irradiated clouds showed a reversal of this trend, 
high decay rates having been recorded at low humid- 
ities, followed by more or less uniform decreases in the 
MDR values as the humidity increased. This general 
tendency occurred with great regularity throughout 
all of the work with one exception: clouds irradiated 
at 95 ww/cm? showed decay rates that decreased with 
each increase in humidity up to 80 per cent RH, but 
from this point up to 95 per cent RH a conspicuous 
increase in the MDR occurred. This was at first thought 
to be due to experimental error, and a number of addi- 
tional replicate runs were carried out. However, values 
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for MDR remained high with an average of about 
52 per cent per min. 

Figure 6 shows the slopes from which the decay rates 
were calculated. As in the case of P. tularensis, not all 
of the original curves were straight lines, but often 
slightly bent. In order to simplify calculations, the best 
fitting straight line, usually a tangent that represented 
what appeared to be the best average slope, was em- 
ployed for the determination of the MDR. 

Figure 7 illustrates the relative effects of light at the 
five humidities employed. The uppermost curve, that 
for 25 per cent RH, shows what appears to be almost a 
straight line relationship between rate of decay and 
light intensity. At 40 per cent RH there is a slight tend- 
ency for the MDR to level off as the light intensity 
increased, and this trend was a little more emphasized 
at 60 per cent RH where the greatest killing effect 
appeared to be with intensities of 60 uw/cm?. The same 
is true at 80 and 95 per cent RH, with, in addition, a 
decrease in the rate of killing at the lower light inten- 
sity, 30 ww/em?. The fact that the MDR was found 
to be less in this latter instance than in the nonirradi- 
ated controls might suggest the stimulation of growth 
by small amounts of light energy. A marked variation 
in the pattern occurred when 95 ww/em? light produced 
a great increase in the MDR. The reasons for this are 
not entirely clear. 

The protective effect of moisture is illustrated in 
figure 8. It will be noted that a humidity of 40 per 
cent resulted in a lower average MDR value than did 
25 per cent RH with nonirradiated clouds, but as the 


TABLE 2 
Effects of solar-type radiation and per cent RH on aerosol stability of Pasteurella pestis 

1 ea 2 | 9 | 10 | | 2 | #13 | 1 15 
ae ee Average Plate Counts at Time in Minutes: 

= | 0 2 6 | s | wo | 2 | | | w | 2 

| | | 

0 25 10 301: | 158 1738) | 1338 109 64 | 49 41 | 39 11.0 
0 40 8 | 213 | 235 | 170 | 150 | 204 | 125 91 8 | 59 | 56 40 8.5 
0 60 8 269 286 212 | 140 | 99 | 56 45 31 19 | 14 | ll 16.3 
0 80. | 6 454 221 131 | 53 | 30 | 15 8.17 5.00 | 5.17 | 3.83 | 2.50 23.8 
0 95 | 14 241 233 243 | 176 | 236 | 139 79 | 44 23 | 15 | 6.07 24.0 
30 25 9 400 125 | 73 | 300 | 18) 3.77) 1.88 0.66 | 0.22 | 0.22 | 0.11 | 37.8 
30 40 8 | 357 | 46 | | | 4.75) 2.25 | 1.37 | 0.75 0.50 | 0.12 | 30.7 
30 60 9 | 180 104 | 65 | 44 = 2i | 10 | 6.66 3.44 | 2.22 | 1.22 0.77 | 23.3 
30 80 14 158 125 70 | 41 | 26 | 19 | 14 11 | 9.00 | 6.85 4.50 16.0 
30) 95 6 256 143 331 | 429 | 204 | 147 93 67 | 48 26 20 | 17.0 
60 25 16 802 337 167 | 37 | 7.81 | 1.62 0.62 — = —< — | Ge 
60 40 10 | 654 «272 (108) 7.60} 1.55) — | — — | — | 44.7 
60 60 8 339 175 | 61 18 | | Ese 0.25 = — — 43.3 
60 80 8 961 434 | 169 57 4 — | 
60 95 9 | 153 92 | 52 | 30 |-12 | 7.37) — | — — — | 27.0 
95 25 6 | 478 24 4.16 0.33) 0.00) 0.16) — | — _ — — | 70.0 
95 40 6 420 125 | 68 | 12 | 0.83 | 0.00 — — _ — — | &.3 
95 60 8 116 48 | 32 | 17 3.75| 0.62) — 
95 80 9 93 43 | 29 | 13 | 8.25 | 3.25 — — = — — | 28.5 
95 95 8 82 18 | 1.75 0.37 0.25; 0.12 — _ — — — | 51.5 
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humidity increased, the decay rates showed correspond- 
ing increases up to 80 per cent RH. Beyond this point 
no additional significant increases were noted. 

Clouds which were irradiated at 30, 60, and 95 


J. M. BEEBE AND G. W. PIRSCH [VoL. 6 


uw/cm? showed the expected increases in MDR values 
at 25 per cent RH. These values dropped more or less 
consistently with each increase in humidity, resulting 
in final decay rates at 95 per cent RH which approached 


100 
wor 
9 
40 
25 
16 
60 
23 
3/ 
24 
80 
60 
95 38 
00 uw/em2 30 uw/em2 
= 
£ 
= 
° 25 40 
1 1 1 1 1 1 1 1 1 1 
$100) 
MOR 
© © 
29 
MOR 95 uw/em? 
x 
10r 
27 
L 
43 
70 
Is 5 
60uw/cem@ | 
/ 
80) 
254060 80 25 40 95 60 
0.1 1 1 1 1 1 1 1 


Le) 2 “4 6 8 10 12 14 16 ie 20 O 2 “a 6 8 10 12 re 16 18 20 
Age of Cloud in Minutes 


Figure 6. Effect of per cent RH on total decay rates of Pasteurella pestis 
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Figure7. Relative effects of light intensity at five humidities 
upon Pasteurella pestis. 
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Figure 8. Relative effects of humidity at four light inten- 
sities upon Pasteurella pestis. 


those of the nonirradiated controls. Statistical analyses 
have shown that decreased values for MDR due to 
humidity were not linearly proportional to the per cent 
RH. 

Recovery trends (table 2, columns 4 to 14 inclu- 
sively) were not well defined until after 6 to 8 min, 
by which time it was noted that nonirradiated cloud 
survival, as represented by plate count recoveries, was 
favored by low humidities. As the per cent RH in- 
creased, recoveries decreased up to 80 per cent RH; 
a slight increase was noted to occur at near saturation. 
The situation was reversed when clouds were irradiated 
at 30 uww/em*: recoveries increased with each rise in 
humidity, maximum survival occurring at 95 per cent 
RH. Similar results were obtained with light intensities 
of 60 and 95 yww/cm?, although 80 per cent RH, rather 
than 95, seemed to favor recovery. 


SraTistTicAL EVALUATION AND ANALYSIS OF Data 


Since it is desirable to have an equal number of ob- 
servations of each treatment, 8 samples of each treat- 
ment were randomly selected from the available data. 
This choice of number required the estimation of 12 


TABLE 3 
Mean decay rates (MDR) Pasteurella tularensis 


| Illumination (uw/cm?) 
Humidity Mean 
0 | 30 | 60 | 95 

25 7.0 | 56.5 | 62.5 | 71.7 49.4 
40 15.2 | 48.5 51.0 60.0 43.7 
60 17.5 | 33.5 | 38.0 | 58.5 36.9 
80 12.0 | 13.5 | 30.5 40.2 24.1 
95 5.0 | 7.7 | 25.3 | 33.3 | 17.8 

Mean......| 11.3 | 31.9 | 41.5 | 52.7 | 34.4 


95 Per cent confidence limit range for: Over-all MDR, 
+1.7 per cent; illumination MDR, +3.4 per cent; humidity 
MDR, +3.8 per cent; and individual MDR, +7.7 per cent. 


TABLE 4 
Mean decay rates (MDR) for Pasteurella pestis 


| Illumination (uw/cm?) 
Humidity | ane Mean 
ae: | 30 | 60 | 95 
% | %/min 
25 11.0 | 37.8 | 50.5 | 70.0 42.3 
40 | 8.5 | 30.7 | 44.7 | 54.3 34.6 
60 | 16.3 | 23.3 | 43.3 | 40.8 30.9 
80 23.8 | 16.0 | 36.7 | 28.5 26.3 
95 24.0 | 17.0 | 27.0 | 51.5 29.9 
Mean... 16.7 | 25.0 | 40.4 | 49.0 | 32.8 


95 Per cent confidence limit range for: over-all MDR, 
+1.2 per cent; illumination MDR, +2.4 per cent; humidity 
MDR, +2.7 per cent; and individual MDR, +5.4 per cent. 
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decay rates for the 7 cases wherein less than 8 samples 
were taken. 

The variation among observations with P. tularensis 
was greater than that of P. pestis, so that separate 
analyses were required for each. Tables 3 and 4 con- 
tain the mean decay rates by treatments for P. tu- 
larensis and P. pestis, respectively. Tables 5 and 6 con- 
tain analyses of variance. 

P. tularensis. Irradiation caused an increase in deca 
rate. The increase in decay rate was linearly related “4 
the intensity of light (table 5, line 1). 

In general, the decay rate decreased linearly with 
increased humidity. This effect was consistent in the 
presence of light, but it was not the case when no light 


TABLE 5 


Analysis of variance of Pasteurella tularensis decay 
rates expressed as per cent survival per minute 


Line No. |Source of Variation D.F.* Mean Square | | 
1 | Ilumination| 3 1.037289, 4 86.32t 
Remainder | 0.027681 | 
2 Humidity 4 0.680945 4 56.67 
Linear 1 | 2.684612 100t 
Remainder | 3 | 0.013056 | | 1.09 
|IXH 0.108615 8.62t 
| | Excluding 0 Illumination 
Illumination | 2 | 0.426572 | 7 .60T 
| Linear 0.853052 
Quadratic | 1 0.000092 | 
6 |Humidity | 4 0.928932 8 |  60.10t 
| Linear 3.621372 | >100t 
| Reminder 3 0.031453 2.04 
7 |Ix 8 0.021662 1.40 
8 Jai | 102 0.015456 
* D.F. = degrees of freedom; Fy) = variance ratio 
+ Probability of an “F”’ of this magnitude being due to 
chance is less than 0.01, , 
TABLE 6 


Analysis of variance of Pasteurella pestis decay rates 
expressed as per cent survival per minute 


| 


Line No. ‘Source of Variation| DF.* Mean Square | pa | Fo* 
1 | Mumination| 3 | 0.686525| 4 | 113.83t 

Remainder | 2 | 0.029638 | | 4.917 
2 Humidity 4 0.065037, 
| Linear 1 0.177190 | 29 .38t 
| Remainder | 3 | 0.027652 | 4.58+ 
3 IxXH 12 | 0.064102 10.62t 

4 Error | 132 | 0.006031 | 


* [D.F. = degrees of freedom: Fy) = variance ratio. 
+ Probability of an ‘‘F’”’ of this magnitude being due to 
chance is less than 0.01. 
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was present. In the latter case, a maximum decay rate 
occurred in the vicinity of 60 per cent RH, with mini- 
mum decay occurring with the extreme humidities. 

The coefficient of variation among individual decay 
rates was 16.5 per cent. 

P. pestis. Irradiation caused an increase in decay 
rate, but the relation between light intensity and decay 
rate was not linear as in the case of P. tularensis. 

Over the 25 per cent and 80 per cent range of relative 
humidity there was a linear decrease in decay rate, 
but the rate increased at 95 per cent RH (table 4). 
Although the over-all mean decay rates were similar 
for both organisms, P. tularensis showed the greatest 
range of stability, both with respect to illumination 
and humidity changes. 

The coefficient of variation among individual decay 
rates was 11.5 per cent. 


Analysis 


Regressions of log-recovery versus time were com- 
puted for each sample. The slopes thus obtained were 
expressible in units of log-per cent survival per min. 

Since the standard errors among the sample survival 
rates decreased with increasing mean survival rates, 
the “antilogs” of the slopes obtained in the regressions 
were used for analysis in order to have homogeneous 
variances. Thus the analyses of variance were per- 
formed using per cent survival per min as the unit of 
measure. 

The variances of the two organisms were not homo- 
geneous. Thus a combined analysis was not appropriate 
and separate analyses were performed. 

The means shown in tables 3 and 4 represent the 
expected per cent reduction of surviving organisms in 
the aerosol during succeeding minutes. 

The linear components of illumination and humidity 
given in tables 5 and 6 assume equal intervals between 
the levels of the effects (which was not quite the case) 
and hence do not give an entirely precise estimation of 
the variation attributable to these effects. 


DIscUSSION 


A protective mechanism associated with the moisture 
content of the atmosphere seems to be instrumental in 
reducing the bactericidal effect of solar type ultraviolet 
light. This is not well understood. As Koller (1952 
points out, water itself is quite transparent to wave 
lengths as short as 2537 A, 90 per cent of which will 
pass through a 3 in. layer of distilled water; and a 20 
mm layer of sea water, containing moderately large 
amounts of dissolved solids, was found to transmit 
about 90 per cent of 3000 A energy. Longer wave 
lengths, such as constitute the major portion of the 
solar ultraviolet spectrum, are transmitted with even 
greater facility. As opposed to this UV permeability of 
water, the present investigators have found that a layer 
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of water not much more than 1 yu thick surrounding a 
viable bacterial cell suspended in the air, and exposed 
on all sides to the action of light, might seem to offer 
nearly complete protection to the cell against the action 
of simulated sunlight. One possible explanation of this 
phenomenon might be the presence of dissolved solids 
in the moisture surrounding the cell. Prior to spraying, 
the bacteria were suspended in a nutrient material, its 
composition depending upon the species of bacterium 
involved. The actual amount of dissolved solids was 
usually less than 2 per cent but, when added to dead 
cells and other debris, the total amount of nonviable 
material in solution and suspension might conceivably 
be as high as 5 per cent. When a particle first leaves the 
spray nozzle it is thought to undergo quite rapid and 
rather drastic changes. Evaporation occurs resulting 
in a nearly dry particle, and there is a marked drop in 
particle temperature. At this point the particle probably 
consists of viable and nonviable cells, cell debris and 
high concentration of nutrients with very little mois- 
ture. It is thought that initial and equilibrium condi- 
tions are not necessarily identical; the problems of 
particle temperature and moisture content under var- 
ious atmospheric conditions should be much more 
thoroughly investigated. Then, depending upon the 
relative humidity of the atmosphere into which the 
particle was sprayed, moisture is believed to adsorb 
to, and be absorbed by, the particle. During this period 
the soluble solids go back into solution and, when a 
vapor pressure equilibrium is established between the 
particle and its environment, particle size should be 
fixed. At near saturation, however, the concentration 
of dissolved solids is considerably less than at lower 
humidities, but it might seem possible that a critical 
concentration of these materials at 95 per cent RH, 
for example, could be more opaque to the passage of 
ultraviolet than the same materials in a near dry state. 

A second possible explanation should include the 
condition of the bacterial cell itself. Since the cell’s 
normal environment is liquid, it is possible that. it 
should be more resistant to the action of certain phys- 
ical forces when suspended in a liquid medium than 
when in a near dry condition. As opposed to this, how- 
ever, is the fact of lyophilization for preserving the 
viability of cultures. Cultures dried under proper con+ 
ditions are known to maintain a high degree of via- 
bility for long periods of time. 

What might appear to be a more likely explanation 
can be condensed in two statements by Fritz (1957): 
“Small amounts of many substances absorb solar en- 
ergy, but the principal absorbing mediums are ozone, 
water vapor, and cloud particles,” and ‘(Albrecht) 
found large oscillations in the water vapor absorption 
coefficients as the wavelengths varied. An interesting 
point is that the coefficient for the vapor often exceeds 
that of the liquid in the region below 1.5 yw.” (1.5 4 = 


15,000 A.) If absorption of the bactericidal ultraviolet 
occurs in the environmental atmosphere, then the size 
of the particle, and its composition, would have little 
bearing on the viability of the contained cells, at least 
as far as the effect of sunlight is concerned. 

Temperature is a factor that undoubtedly should 
enter into a consideration of the responses of aerosolized 
cells to environmental conditions. The temperature of 
the atmosphere and the particle suspended in it both 
appear to be significant. Rather casual observations 
during the course of the experiments have indicated a 
fairly definite relationship between air temperature 
and recovery. At the time of this work, temperature 
control was not possible, but recorded data indicated 
that in general, recoveries dropped as air temperatures 
increased. In view of the fact that rather large amounts 
of infra red light were emitted by the Type RS Lamps, 
along with ultraviolet and visible light, this could be a 
matter of some importance. Decay rates also appeared 
to be affected by air temperature, although not to the 
same degree as were recoveries. However, this was an 
observable phenomenon and apparently plays a part 
in the responses of air-suspended bacteria to the en- 
vironment. It is possible that one cause of the great 
increase in the decay rate during the exposure of P. 
pestis aerosols to high intensity light at 95 per cent RH 
was the increase in particle temperature. Recorded air 
temperatures seldom exceeded 39 or 40 C, but during 
an informal discussion of the problem it was postulated 
that, under conditions of high light intensity and high 
humidity, particle temperatures as great as 20 to 50 
degrees above air temperature could develop; this might 
well have a deleterious effect on the cells contained 
within the particle, and result in both decreased re- 
coveries and increased rates of biological decay. 

The possibility of growth stimulation by small quanta 
of solar ultraviolet light has been discussed to some 
extent by the authors and co-workers. On the basis of 
accumulated data there is reason to believe that such 
stimulation does occur. During early phases of this 
work plate cultures of a number of species of bacteria 
were exposed to such varied light sources as germicidal 
lamps, natural sunlight, incandescent lamps, and sun- 
lamps of two types. In each case where ultraviolet 
light was emitted, that is, all of the above except the 
incandescent lamps, low intensities for short periods of 
time often resulted in survival plate counts as much as 
20 per cent higher than those of the corresponding non- 
irradiated controls. When the dose was increased be- 
yond a certain critical point, however, plate counts 
decreased with each increase in intensity. Inasmuch as 
plates were cooled during exposure by being placed on 
a bed of Sno-Gel!® at about 10 C it is felt that the pos- 
sible effects of temperature were minimized, and any 
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changes that occurred were due to the action of light. 
A possible parallel example of growth stimulation by 
normally toxic substances has often been noted by per- 
sons using antibiotic assay plates: an antibiotic-im- 
pregnated disk on an inoculated plate frequently shows 
an area of complete inhibition surrounded by an area 
of abnormal growth, outside of which normal growth 
of the culture occurs. It is possible that those instances 
reported in this paper in which decay rates statistically 
lower than those of the corresponding nonirradiated 
controls were not artifact, but were actually the result 
of the stimulation of some bacterial cells, that, under 
normal conditions, would not grow. 
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SUMMARY 


A method for studying the responses of aerosolized 
bacteria to certain atmospheric conditions is described. 

Artificial solar type irradiation caused an increase 
in the decay rate of Pasteurella tularensis aerosols 
which was linearly proportional to the intensity of the 
light, and in general the decay rate decreased linearly 
with increased humidity in the presence of light. 

Artificial solar type irradiation caused an increase 
in the decay rate of Pasteurella pestis aerosols, but the 
increase was not linearly proportional to the light in- 
tensity. The decrease in decay rate caused by humidity 
was linearly proportional over the 25 to 80 per cent RH 
range, but not at humidities above that. 
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oxtensive studies on the effects of conditions that 
may be encountered in commercial handling on quality 
of frozen foods have been under way at the Western 
Utilization Research and Development Division of the 
U. 8. Department of Agriculture during recent years. 
The commodities investigated have included frozen 
concentrated orange juice. Chemical and _ physical 
changes in this commodity under varied conditions of 
time and temperature have been reported by McCol- 
loch et al. (1957). The present paper deals with micro- 
biological changes in 5 of the 9 lots of concentrate stud- 
ied by McColloch and co-workers. 

Although extensive research has been done on cer- 
tain phases of the microbiology of citrus products, that 
published on the effect of varying storage temperatures 
on microorganisms in frozen concentrate is very limited. 

‘aville et al. (1951) noted that bacteria were the pre- 
dominating type of microbial flora in frozen concen- 
trated orange juice and that these decreased rapidly 
in number when the product was stored at —17C. 
They also observed that various microorganisms in- 
oculated into orange concentrate were destroyed more 
rapidly at 40 C than at 30 or 3.C. The latter observa- 
tions, however, were based on observations of periods 
from 1 to 7 hr and do not necessarily reflect what would 
happen in subfreezing storage for several months. 

The phenomenon of storage temperature effect on 
other frozen foods has been observed by other workers. 
Berry (1932, 1933, 1936) observed repeatedly that 
greater destruction occurred in berry packs stored at 
15 F (—9C) than in those stored at —15 F (—26C). 
Similar observations were made by Prescott et al. 
(1932), who found that in certain foods higher storage 
temperatures resulted in more rapid microbial destruc- 
tion. 


EXPERIMENTAL METHODS 


Orange concentrates used. The concentrates included 
5 lots manufactured in California during the 1952 and 


1 Presented at the meeting of the Society of American Bac- 
teriologists held at Detroit, Michigan, April 28 to May 3, 1957. 

2 Present address: U. S. Fruit and Vegetable Products 
Laboratory, ARS, Western Washington Experiment Station, 
Puyallup, Washington. 

3 Western Utilization Research and Development Division, 
Agricultural Research Service, U. 8. Department of Agricul- 
ture. 


1953 seasons. Each lot was obtained from the concen- 
trate plant on the day it was produced and brought 
to the laboratory under conditions which prevented 
any temperature change en route. The lots were placed 
at 0 F immediately upon arrival at the laboratory. 

Simulated time-temperature patterns. The time-tem- 
perature variations used were devised from thermo- 
graph records of actual frozen orange concentrate 
shipments, records of cold storage warehouses and re- 
tail cabinet temperatures, and other information 
supplied by representatives of the citrus and frozen 
foods industries. From this information it was possible 
to arrange schedules of exposure to various tempera- 
tures for various periods that represent mild to severe 
conditions during the following 5 stages: (I) producer’s 
warehouse, (II) transportation, (III) warehousing, 
(IV) wholesale and retail marketing, and (V) home 
refrigeration. Although several extreme conditions 
were used, their inclusion is not to be taken as indica- 
tion that they commonly occur in distribution of the 
product, or that the stages at which they were included 
are those in which abnormal conditions are most likely 
to be encountered. The temperature variations were 
as follows: 

Stage I: 0 F for one month. 

Stage II: The records observed showed 3 deviations, 
from mild to severe: (a) a constant temperature of 10 F 
for 10 days; (b) constant temperature of 10 F for 5 
days followed by a steady rise in temperature to 20 F 
in 5 days; or (c) by a steady rise in temperature to 40 F 
in 5 days. 

Stage III: 0 F for 6 months. 

Stage IV: Three temperature deviations were found 
to be worthy of consideration: (a) a constant tempera- 
ture of 10 F for 14 days; (b) a constant temperature 
of 10 F for 14 days interrupted after the 6th day by 
thawing to 60 F and immediate recooling to 10 F in 
12 hr (corresponding to removing concentrate from a 
retail cabinet and holding at room temperature while 
the cabinet is defrosted); and (c) a constant tempera- 
ture of 20 F for 14 days. 

Stage V: The two most extreme temperature devia- 
tions likely to be encountered were 20 and 40 F for 7 
days. 

Testing schedules. The schedules employed were 
based on temperatures monitored by thermocouples 
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embedded in cans of concentrate and connected to a 
multiple-point recorder. Abrupt: changes from 0 F to 
higher levels and back to 0 F were accomplished in 
periods of 12 hr or less. 

Kach of the 5 lots was first held at 0 F for 1 month 
to simulate stage I. Samples from these lots were next 
exposed to the temperature patterns simulating stage 
Il, and then to OF (stage II) for 6 months. The 3 
variables in stage Il followed by stage IIL were next 
subjected to stage IV’s 3 temperature variables. Sam- 
ples of all combinations of variables through stage IV 
were subjected to one of the two temperature condi- 
tions chosen to simulate conditions in the household 
refrigerator. 

Controls were held at —10F and at —80F in a 
Dry lee cabinet. Also, a small lot was stored at con- 
stant 40 F to follow the fate of microorganisms in the 
product when stored at this temperature. 

Bacteriological analyses. All samples were plated on 
orange serum agar (Stevens, 1954) and plates were 
counted after incubation for 3 days at 861. A low- 
power, wide-field stereoscopic microscope was used to 
aid the counting. This microscope was used because 
particles of orange pulp were present on most plates 
and these could sometimes be mistaken for pinpoint 
colonies. It was not possible to make any actual iden- 
tification of bacterial types from the plates, but obser- 
vations were made of colony characteristics, especially 
of the mucoidal ‘*Leuconostoc-type”’ 
characteristic of yeasts. 

Coliform determinations were made by methods 
previously deseribed (Wolford, 1954), using both lactose 
broth and boric acid broth as presumptive media and 
earvying the analyses at least through the completed 
coliform tests. 


colonies and those 


Resutts Discussion 

Initial plate counts of the five lots of concentrate 
were: lot A, 176,000; lot B, 89,000; lot C, 290,000; 
lot D, 200,000; lot Ee, 220,000 per ml of concentrate. 
Coliforms were recovered from the initial samples of 
lots A, C, D, and I. Two of five samples of lot C ana- 
lyzed at the start of the experiment had coliform indices 
of 39 per 100 ml of reconstituted juice; all other posi- 
tives at this stage had MPN values of less than 10 per 
100 ml. Only in lot C were coliforms recovered after 
the conclusion of stage IIT and none of the samples 
which had been exposed to 20 or 40 F were positive 
for the group. Only one sample was coliform positive 
at the end of the entire schedule. That was the one 
which was held at 10 F for the entire 10-day stage IT 
schedule, at 10 F during the 14-day stage IV phase, 
and at 20 F for the 7-day period simulating the milder 
of the two stage V schedules. 

Regarding the significance of coliforms in the product 
it has been shown by Wolford (1956) that the presence 
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of small numbers of these organisms is not proof that 
there has been contamination during production of the 
product. Vaughn and Murdock (1956) concluded that 
the presence of these bacteria in frozen orange juice 
may have no sanitary significance. 

As is common with frozen fruit samples, there was 
variation from sample to sample. Although the trend 
indicated microbial destruction with prolonged storage, 
with most severe action when the temperatures were 
highest, it was found that a study of average counts 
Was necessary to obtain a clear picture of the changes. 
Apparently, more than 4 days of holding at tempera- 
tures of 20 F is necessary to exert a definite effect upon 
numbers of viable cells in the product. Little difference 
was noted in plate counts of samples within each lot 
immediately upon completion of the stage HT cycle or 
after 3 or 6 months of stage III. The average survival, 
in pergentage, is shown in table 1. 

From this table it can be seen that there was about 
the same percentage reduction over the preceding stage 
during the 21 days of stages [V and V as occurred during 
180 days at OF in stage IIT. This indicates that both 


TABLE 1 


Average survival of microorganisms in frozen concentrated 
orange juice in various stages of time-temperature schedules 


Stage | Elapsed Time | Survivals | Reduction over 


(Months) Preceding Stage 
| | 
| 43 | 57* 
Ill | 4.3 | 26 
| 12 70t 
IV 9 25 
V 8.0 4 | 54 
—10 F control 9.0 36 64 
—80 F control 9.0 86 | 14 


* Noanalysis run between stages [and IT. Reduction is that 
over initial count. 
+ Percentage reduction during 6 months (stage IID. 


TABLE 2 
Percentage surviving after varied exposures in stages IV and V 


Temperature | Time at Holding | 


Stage Schedule —— Survival 
F % 

IV 10* 14 13.0 
20 14 6.0 

10, 60 14 9.0 

Vv 10-207 7 5.0 
10-40 7 

20-20 7 3.5 

20-40 7 2.6 

10, 60-20 7 5.8 

10, 60-40 7 2.7 


* Temperature schedules are described in text. 
; First figure for stage [IV schedule, second figure for stage 
V schedule. 
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time and temperature conditions affect the survival of 
microorganisms in frozen orange concentrate. A more 
detailed look into the effeet of temperature patterns 
upon survival of microorganisms in the product is sup- 
plied in table 2. 

It is of interest that a 12-hr thawing to 60 F followed 
by refreezing to 10 1b (stage Il (b)) resulted in less 
change in survival of bacteria than did a prolonged 
exposure to 20 during stage IV. The lethal effect. of 
exposure to elevated temperature is best illustrated 
by the fact that the lowest survival occurred in samples 
which were exposed to the most severe temperature 
conditions. 

The plate count of the small lot stored at a constant 
40 temperature dropped to 30 per cent of the initial 
count in 8 days, 17 per cent in 21 days, 8 per cent in 
42 days, 6 per cent in 98 days, 4 per cent in 151 days, 
and 8 per cent in 187 days. The ‘‘Leuconostoc-type” 
colonies tended to disappear during the storage and 
yeastlike colonies predominated towards the end of 
the period. 

The gummy ‘“Leuconostoc-type” colonies in all lots 
studied made up 2 to 10 per cent of all colonies on the 
plates of the first samples plated. After the product had 
been exposed to the more adverse temperature condi- 
tions, the gum formers were seldom encountered. 
Whether these bacteria had been eliminated or were 
undetected because of low counts can not be stated for 
certain. 

Growth of psychrophilic organisms was not detected 
in any of the samples, including those exposed to 40 F. 
Apparently failure of such organisms to grow was re- 
lated to the pH of the concentrate, which was slightly 
below 3.5. 

If the only factor in frozen-food quality were its 
microbial content, it might be inferred that refrigerated 
temperatures above zero benefit the product. Unfor- 
tunately, other changes in orange concentrate take 
place. One, loss of cloud, is a much more sensitive test 
than changes in bacterial numbers, and is one which 
more readily reveals degree of change due to time and 
temperature conditions. Unless the previous history of 
the sample is known, plate counts made on a single 
sample of orange concentrate will give but limited in- 
formation on what has happened to the sample since 
it was produced. In the study by MecColloch et al. 
(1957), which covered chemical organoleptic 
changes in the same lots of concentrate as were studied 
in work covered by the present paper, it was found that 
cloud loss occurred in most of the samples and that 
early exposure to elevated temperatures predisposed the 
product to greater changes in later phases of its storage 
life. Flavor changes did not occur until after stage IV 
was completed. Changes in flavor occurred in samples 


exposed to the most unfavorable storage temperatures 
and were most likely to happen in samples having the 
same storage histories as those samples in which the 
greatest microbial destruction was found. 

Plate counts of frozen concentrated orange juice 
should not be used as the sole criterion of product 
quality, as low counts in some cases may be due to 
exposure to adverse time and temperature conditions 
which have had adverse effects on the quality of orange 
concentrate. 


SUMMARY 


Samples of orange juice concentrate were submitted 
to time-temperature conditions that frozen concen- 
trated orange Juice might encounter during its commer- 
cial experience. Exposure patterns were evoived and 
several lots of concentrate were stored under mild to 
severe conditions simulating these patterns. 

Plate counts were found to decrease with time. The 
most rapid decreases were in samples subjected to the 
most severe temperature conditions—14 days at 20 F, 
followed by 7 days at 40 IF. Average counts under this 
schedule showed only 2.6 per cent survival. Concen- 
trate stored continuously in Dry Ice lost only about 
14 per cent of its initial population and at —10F, 
64 per cent reduction was found after 9 months. 

Coliforms were found in four of five lots at the begin- 
ning of the experiment, but were practically eliminated 
after storage at simulated distribution patterns. 
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Sheep pelts are received at the Wool Touse Wash 
Room direetly from the killing floor or as “salted pelts,” 
shipped by truck and railroad car from outside sources. 
Both kinds of pelts are washed and soaked in the same 
way. During washing, the salted pelts are freed of salt 
and soil and the moisture content restored, while the 
fresh pelts are freed of soil and soaked coincident with 
the general process. 

The wool is removed from the skin by a sulfide 
dipilatory method after the pelt is soaked and centri- 
fuged free of excess water. [t is then graded, dried, and 
baled. The pelt is pickled and stored until processed 
into leather. 

Several types of spoilage, thought to be due to micro- 
organisms, are encountered washing soaking 
sheep pelts. 

Problems attributed to bacteria are the red, brown, 
and purple discolorations which appear in cured pelts, 
off-odors which are present during soaking, and the 
presence of thin, translucent areas found during the 
grading of the finished pickled skins. These spoilages 
beeome acute when the wash and soak water rises to 
IS to 24C, 

Halophilic bacteria have been found to be the cause 
of “heats” in pelts, which appear as red, brown, and 
purple colors. Due to microbial action the temperature 
may rise several degrees in salted pelts while they are 
in transit in warm weather ranging from 18 to 32. C. 
Bactericides in the soak water can arrest the action of 
the halophilic bacteria but extensive damage to the pelt 
very likely occurs prior to soaking. 

Some workers in the packing industry believe that 
the thin, translucent areas in the pickled sheep pelts 
are due to bacterial damage which occurs during the 
washing and soaking process. The greatest number of 
pelts with translucent areas are found when the wash 
water temperature is 18 to 24C (coinciding with out- 
side temperatures of 24 to 38C). Bacterial counts 
made from wash waters at this time range from 10° 
to 10" cells per ml. Odor control in the soak pits be- 
comes a serious problem at these temperatures and is 
associated with high bacterial counts in the soak pits. 
Putrefactive and protein-liquefying bacteria are easily 

1 Presented at the 14th General Meeting of the Society for 
Industrial Microbiology, Palo Alto, California, August 1957. 


142 


isolated during this season. These facts seem to the 
wool house operators to substantiate the belief that 
bacteria alone are causing the damage that results in 
thin, translucent areas in pickled sheep pelts. Why 
only small areas are weakened by the huge bacterial 
populations in the washing vats has not been dis- 
covered, There are other factors, however, that may 
contribute to weak areas in the pickled sheep. pelts 
such as abnormal pelt formation on the animal. 

Workers in this field are attacking the problem by 
discovering better methods to control bacteria in the 
washing and soaking process. The requirements for a 
laboratory screening test for baectericides will be made 
clear by an examination of the wool house washing 
process. 

The pelts enter the wool house on a moving belt and 
are distributed among the 20 wash pits. They are 
washed for 3 hr by mechanical agitation in running 
water which spills over the front baffle into a trough. 
The run-off water is muddy at the beginning of the 
wash and clear at the end of the wash. The bacterial 
count at the beginning of the wash varies from 10° to 
10" cells per ml while at the end it varies from 10! to 
10° cells per ml. Unfortunately, at the end of the soak 
period, which is overnight through the week and oc- 
casionally over the week end, the count rises to, or 
above, its original level. 


MATERIALS AND Mertruops 


The laboratory screening test was designed to follow 
the plant procedure throughout, except for the omission 
of the washing process. This made the laboratory test 
a more severe test on the control chemicals than would 
be experienced commonly in plant usage because of 
the larger amount of soil and other foreign materials 
encountered in the initial stages of sheep pelt process- 
ing. 

The volume of soak water added to 950-ml wide- 
mouth bottles in all the laboratory tests was 500 ml. 
The chemicals used were calculated as per cent by 
weight of water. The pieces of sheep pelt varied from 
20 g at the beginning to 50 g at the end of the work 
(they measured from 1! in. by 1! in. to 4 in. by 4 
in.). Each piece of pelt in each test was used just as 
it was received—the wool containing dirt and grease 
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and the flesh side coated with dirt, or dirt and salt, in 
the salted pelts. All the pieces for one test came from 
the same area of one pelt. The control was one of these 
pieces in water only. The soaking time was 3 days in 
all the laboratory work, which corresponded to the 
maximum time of soaking in the plant. Thirty-four 
chemicals were screened alone and three combinations 
of two of these materials were tried. Each treatment 
was evaluated as to odor and bacterial count. 

The odor present in the soak waters and on the pelt 
at the end of 3 days was described. All the treatments 
were evaluated for odor by one person. A few of the 
terms used in evaluation were: odorless, neutral, slight 
hide, and normal hide for acceptable treatments, while 
strong hide, chemical, manure, sour, and putrefactive 
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(1+ to 4+) were used for unacceptable or ineffective 
treatments. Table 1 shows the results of evaluation by 
odor correlated with the bacterial counts. 

Following the odor evaluation, bacterial counts of the 
soak waters were determined on treated and untreated 
waters. The per cent inhibition was then determined 
for treatments based on the bacteria found per g of 
pelt in untreated soak waters. For example, an un- 
treated soak water had a count of 5.6 X 108 cells per 
ml or 2.8 X 10° cells in the total volume of 500 ml. 
The pelt scrap under test weighed 2.5 g, therefore the 
count per g then was calculated to be 1.1 X 10%. One 
treatment, 0.5 per cent sodium silicofluoride, run with 
this control gave a count of 5.7 X 10‘ cells per ml of 
soak water. The total cells in the 500 ml test were 2.8 


TABLE 1 


Evaluation by odor correlated with bacterial count (laboratory screening tests) 


Compound 


Concentration 


Bacterial Count Per ml 


Evaluation by Odor 


| | 
| Soak Water | Reduction of Bacteria 
Sodium silicofluoride | 0.005 4.6 X 107 | Putrefaction present, 1+ None 
| 0.050 1.3 X 106 | Neutral wool 96.85 
| 0.500 1.9 X 104 | Chemical odor with slight hide odor | 99.96 
Vanicide 51* | 0.005 1.4 X 108 Putrefaction present, 2+ | 6.99 
0.050 2.5 X 10’ Strong woo] | 84.31 
0.500 197 Strong hide, sour odor 68.01 
lobaet 0.005 3.1% 104 Putrefaction present, 2+ 98.06 
| 0.050 8 xX 105 | Putrefaction present, 1+ 99.68 
| ().500 () Odor‘ess, neutral 100.00 
Orthobenzylparachlorophe 0.005 3.4 X 107 Putrefaction present, 1+ 33.24 
nol Socei 6125t | 0.050 4.6 X 107 Metallic odor | 1.21 
| 0.500 8.8 X 105 Chemical 99.52 
Phenylmereuri¢ acetate 0.005 7.9 X 10? Hide odor, no putrefaction None 
0.050 1.3 X 106 No odor | 97.55 
0.500 1.2 X 103 Neutral chemical odor | 99.97 
Duomeen TS 0.100 1.6 X 106 Hide odor | 99.01 
0.200 4.2 X 105 Hide odor | 99.76 
0.500 3.2 x 105 Amine | 91.81 
Duomace TS 0.100 7.3 X 10° | Slightly putrid metallic | 57.22 
0.200 2.8 X 107 | Duomae T odor 83.40 
0.500 3.3 X 103 | Duomae T odor 99.99 
Duomae C§ 0.100 22 SHO Slight Duomae C odor | 59.36 
0.150 1 xX 10° Odorless | 81.73 
0.250 Odor!ess 99.99 


*R.T. Vanderbilt Co., Inc. [See table 3}. 
+ Lararus Laboratories Ine. {See table 3]. 
t Scientifie Oil Compounding Co. [See table 3}. 
§ Armour and Company Chemical Division [See table 3]. 


Compound 


Concentration 


Bacteria per ml 


wash water 


TABLE 2 


Method of determining per cent reduction or inhibition of bacteria by treatment (laboratory screening tests) 


Treated Pelt 


Untreated Pelt 


Bacteria per g of pelt 


| 
| 
= 
Bacteria per ml | 
| wash water 


Bacteria per g of pelt 


| 


Reduction or 
Inhibition Based on 
Untreated Pelt 


| 
| 
| 
| 
| 


Sodium silicofluor- 0.005 4.6 X 167 1.5-xX 16° 5.6 X 107 1.1 x 10° None 
ide 0.050 1.4 X 106 3.4 X 107 5.6 X 107 | 1.1 X 109 96.95 
0.500 1.9 XK 10: 3.7 X 105 3.6 X 107 1 xX 109 | 99 .96 
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seveening tests -veduction of bacterial 


count hy treatment of soak water 


| 
tion 


| tiation 


| O40 

Mereury compound 


silieothioride 0.26 
Ammonium silicothioride 74 
Magnesium 
Copper S quinolinolate 
100 
Quite | 1.00 
1.00 


Phenol derivatives 
parachlorphenol Orthophen 


Orthobeneyl  parachtlorphenal 

0.50 
Coconnutamine salt of 

(Nudes 0,25 2S, 42 


Pyridinet¢hione sodium salt S4 


Raltod Pelt O.0001 


= 
= 
z 
= 


Preah Pelt | 
Dodeevilamine lietate CNuodesxs 10.50 
Sodinm salts of dimethyl dithioerbonie | 

and 2 

Vanieide dt 1.00 
Orthophenyiphenol hexachlorophene 1410 
Ortho Para meta Cresal 60.008 0 
Antiobiotie (Streptomyein) | 

Salted Pelt O.00IS 

Mresh Pelt 0.0018 
Researeh** 

8 tetrahyvdro pyrimidine 

Sova tetrahvalro pyrimidine 0.50 

Y Methyl & tetrahyadro pyrimidine 0.40 

Y Methyl sova tetrahvaro pyrimidine 1.00 

Methyl tallow tetrahvdro pyrimidine 1.00 19 

Gelatin pentachlorphe 

nate 0.50 

Gelatin styrene oxide 1.00 OL. 7d 

Tallow tetrahyaro pyrimidine 0.05 None 
Chenneal division ** 

Armae 0.50 

Duomae C O25 9009 

Duomae T 0.50 

Duomeen 0.30 

Arquad HT 0.20 OF 

Arquad HP and Ethofat 242 25 0.20 74.21 

Dauomae Cand Ethofat 242 25 0.20 05.72 

Duomac Cand Arquad 0.20 79.24 


* Lagarus Laboratories, Division of West Disinfecting 
Co., Buffalo, New York 

Seientitie Ol Compounding Co., Chicago, 

Nuodex Products Co., Ine., New Jersey 

Fischer Chemical Co., New York, New York 
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10% This was calculated as a count of 10° 
cells per gor a reduction of 99.9 per cent based on the 
control, Table 2 shows this method of caleulation with 
concentrations of sodium silicofluoride, Table shows 
the per cent reduction found for 34 chemicals used 
tlone and with 3 oof these in combinations. 

Two chemicals, sodium silicofluoride and Duomne 
C)” were tested in the plant, Three souk pits were put 
on test and compared with plant production. The 
Chemicals were added when the water level had become 
constant following washing, and agitation was carried 
on for 1O min to assure uniform distribution of the 
chemicals, ‘Phen the pelts were sonked overnight, 
Samples were taken for bacterial counts before wash 
ing started, at the end of the washing, a half-hr after 
the chemical had been added, and after the pelts had 
sonked overnight in contact with the chemical, Table 
shofwe these results, 

In repented tests, Duomae C50 and sodium silico- 
Horde reduced bacterial counts to less than 99.9 per 
cent of the control untreated souk pits. Vanieide was 
ineffective at the concentration employed. Pelts soaked 
in the presence of Duomae showed increased 
pliability and cleaner wool than the control, The pelts 
souked with sodium: silicofluoride showed slight re 
duction in plinbility of this pelt, buat no effeet on the 
wool was detected, 


DIscussION 


The washing process was omitted in the laboratory 
tests becnuse it could not be made uniform due to the 
Variable soil lond found on pieces of the same pelt. 
This resulted ina much more severe test on the bac- 
tericides since they had to act in the presence of the 
soil loud, 

The evaluation by odor was not accurate enough to 
make it practical. did) distinguish between putre- 
fnetion and no putrefaction but, as seen from table 1, 
could not distinguish between a bacterial control of 
50 per cent reduction and 75 per cent reduction, 

The bacterial counts that ranged from to 10° 
cells per ml were indicative of 85 to 95 per cent reduc- 
tion in count based on the untreated control, A 99 per 
cent reduction in cell count: by a chemical was con- 
sidered satistactory, 

There was good agreement between the laboratory 
and plant tests in the concentrations of the two chemi- 


Armour and Company, Chemical Division, Chicago, Hlinois. 


© Olin Mathieson Chemical Co., New Haven, Connecticut 
R.T. Vanderbilt Co., Ine., New York, New York. 
** Armour and Company, Chemieal Division, Chicago, 
Hlinois. 
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TABLE 4 
Vilot plant tests 


Compound Concentration 


Kefore washing 


Min No. | 


Sodium 0.5 9.6 % 10° 
fluoride 0.25 9.9 106 2.9 
Vanicide 0.44 1.1 X 107 
Run No. 2 
Duomac (),25 2.30 X 106 1.6 
Vanicide 3.3 X 105 
Run No.3 
Sodium silico 9.6 *K 106 5.6 
fluoride (), 25 12x 107 2:8 
Duomac C50 3.7 107 2.2 
Vanicide 0.14 106 
No treatment 1 10% 


cals, sodium silicofluoride and Duomae C, that gave a 
99 per cent reduction. 
SUMMARY 

A laboratory test has been designed to evaluate 
bactericides for use in sheep pelt: soaking pits. Odor 
control by a chemical was unreliable in determining 
the concentration of the chemical to use for control 
of the plant process. The concentration of a chemical 
that reduced bacterial counts in the laboratory test 


After washing 


XXX 


Bacteria per mi 


Temp of Wash 
After addition and Soak Water 


f soaking 
of chemica After axing 


3.5 10? 3.3 K 10% 23 
10% 106? XK 10% 

10° 2.4 X 10? i xX 1¢ 23 
10% 6.9 K 10% 2.7 X 10° 23 
10% 9 105 5.1 10+ 23 
10% 1.4 x. 10 2.8 X 10? 

104 2.3 X 10! 9.8 X 16 23 


99 per cent was found satisfactory to control the bac- 
terial population in plant process tests. 

The use of Duomac C-50 in pilot plant test on sheep 
vat soaking tests resulted in uniform bacterial reduc- 
tion, increased pliability of pelt, and yielded cleaner 
wool. Sodium silicofluoride in pilot plant tests gave a 
uniform kill of bacteria in the soaking pits but a slight 
reduction in the pliability of the pelt was found. No 
effect on the wool was detected. 


3 
| x 
x 
! 
1 
| 
Ww 
to 
l, 
ol & 
er 
ul 
cul 
ee 


é 
3 


144 J. H. RICHARDSON 


TABLE 3 


Laboratory screening tests—reduction of bacterial 
count by treatment of soak water 


Compounds Reduction 
% % 
Iodine compounds | 
Mercury compound 
Phenylmercuric acetate.................. 0.05 99.97 
Silicofluoride compounds 
Sodium silicofluoride..................... 0.25 99.89 
Ammonium silicofluoride................. 0.10 99.73 
0.05 98.32 
Magnesium silicofluoride................. 0.15 94.88 
Copper-8-quinolinolate 
82.08 


Phenol derivatives 
Orthobenzyl parachlorphenol Orthophen- | 


ylphenol (Socci 6137)f................ 0.50 99.89 
Orthobenzyl parachlorphenol (Socci | 

Cocoanutamine salt of tetrachlorophenol 

Pyridinethione sodium salt JYP 8€ 
| 0.0001 | 99.70 
Dodecylamine lactate (Nuodex 87)f...... 10.50 | 84.32 
Sodium salts of dimethyl dithiocarbonic | | 

acid and 2-mercaptobenzothiazole 

Orthophenylphenol hexachlorophene....... 0.0018 14.10 
Ortho-Para-meta 0.00) | O 
Antiobiotic (Streptomycin)t 

Research** 

3-Coco 0.50 99.99 

3-Sova tetrahydro-pyrimidine........... 0.50 99.98 

2-Methy1 3-coco tetrahydro-pyrimidine... 0.50 99.90 

2-Methy] 3-soya tetrahydro-pyrimidine... 1.00 99.42 

2-Methy! 3-tallow tetrahydro-pyrimidine. 1.00 99.19 

Gelatin thiocarbamate pentachlorphe- 

Gelatin styrene oxide................ ...| 1.00 61.75 
3-Tallow 0.05 None 

Chemical division** 

99.81 

Arquad HT and Ethofat 242/25... 0.20 | 74.21 

Duomac C and Ethofat 242/25..... 

Duomace C and Arquad HT.............. 0.20 | 79.24 


* Lazarus Laboratories, Inc., Division of West Disinfecting 
Co., Buffalo, New York. 

+ Scientific Oil Compounding Co., Chicago, Illinois. 

t Nuodex Products Co., Inc., Elizabeth, New Jersey. 

§ Fischer Chemical Co., Inc., New York, New York. 
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x 10°. This was calculated as a count of 1.1 & 108 
cells per g or a reduction of 99.9 per cent based on the 
control. Table 2 shows this method of calculation with 
3 concentrations of sodium silicofluoride. Table 3 shows 
the per cent reduction found for 34 chemicals used 
alone and with 3 of these in combinations. 

Two chemicals, sodium silicofluoride and Duomac 
C,? were tested in the plant. Three soak pits were put 
on test and compared with plant production. The 
chemicals were added when the water level had become 
constant following washing, and agitation was carried 
on for 10 min to assure uniform distribution of the 
chemicals. Then the pelts were soaked overnight. 
Samples were taken for bacterial counts before wash- 
ing started, at the end of the washing, a half-hr after 
the chemical had been added, and after the pelts had 
soaked overnight in contact with the chemical. Table 
4 shows these results. 

In repeated tests, Duomac C-50 and sodium silico- 
fluoride reduced bacterial counts to less than 99.9 per 
cent of the control untreated soak pits. Vanicide was 
ineffective at the concentration employed. Pelts soaked 
in the presence of Duomac C-50 showed increased 
pliability and cleaner wool than the control. The pelts 
soaked with sodium silicofluoride showed a slight re- 
duction in pliability of this pelt, but no effect on the 
wool was detected. 


DISCUSSION 


The washing process was omitted in the laboratory 
tests because it could not be made uniform due to the 
variable soil load found on pieces of the same pelt. 
This resulted in a much more severe test on the bac- 
tericides since they had to act in the presence of the 
soil load. 

The evaluation by odor was not accurate enough to 
make it practical. It did distinguish between putre- 
faction and no putrefaction but, as seen from table 1, 
could not distinguish between a bacterial control of 
50 per cent reduction and 75 per cent reduction. 

The bacterial counts that ranged from 10° to 10° 
cells per ml were indicative of 85 to 95 per cent reduc- 
tion in count based on the untreated control. A 99 per 
cent reduction in cell count by a chemical was con- 
sidered satisfactory. 

There was good agreement between the laboratory 
and plant tests in the concentrations of the two chemi- 


2 Armour and Company, Chemical Division, Chicago, Illinois. 


© Olin Mathieson Chemical Co., New Haven, Connecticut 
R. T. Vanderbilt Co., Inc., New York, New York. 
** Armour and Company, Chemical Division, Chicago, 
Illinois. 
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TABLE 4 


Pilot plant tests 


Compound Concentration 


Bacteria per ml 


Before washing 


Run No. 1 


Sodium silico- 0.5 9.6 106 | 
fluoride 0.25 9.9 X 106 2.9 
Vanicide 51 0.14 8 
Run No. 2 
Duomae C 0.25 2.3 X 108 1.6 
Vanicide 51 0.14 3.3 X 106 8.7 
Run No. 3 | 
Sodium _ silico- | 0.1 9.6 X 108 5.6 
fluoride 0.25 1.2-% 
Duomae C-50 | 0.2 3.7 X 107 2:2 
Vanicide 0.14 8 xX 108 8.8 
Notreatment | 0 1 xX 109 1 | 


cals, sodium silicofluoride and Duomac C, that gave a 
99 per cent reduction. 


SUMMARY 


A laboratory test has been designed to evaluate 
bactericides for use in sheep pelt soaking pits. Odor 
control by a chemical was unreliable in determining 
the concentration of the chemical to use for control 
of the plant process. The concentration of a chemical 
that reduced bacterial counts in the laboratory test 


After washing 


XX XXX 


| Temp of Wash 
| and Soak Water 


After addition | 


of chemical After soaking 


| 
104 3.5 102 3.3 103 | 23 
10° 6.6 X 103 4.9 X 103 | 
108 1.1 X 106 1.4 X 107 | 23 
15 24x 10? | 10? 23 
105 6.9 & 105 2.7 106 23 
10° 9 105 5.1 X 23 
1.4 X 108 2.8 10? | 
103 2.3 X 98X10 | 23 
108 1 xX 105 17X10 | 23 
10* 23 


99 per cent was found satisfactory to control the bac- 
terial population in plant process tests. 

The use of Duomac C-50 in pilot plant test on sheep 
vat soaking tests resulted in uniform bacterial reduc- 
tion, increased pliability of pelt, and yielded cleaner 
wool. Sodium silicofluoride in pilot plant tests gave a 
uniform kill of bacteria in the soaking pits but a slight 
reduction in the pliability of the pelt was found. No 
effect on the wool was detected. 
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Apparatus and Method for Shipping Germfree and Disease-Free 


Animals via Public Transportation’ 


J. A. Reynters Miriam R. SACKSTEDER 


Lobund Institute, University of Notre Dame, Notre Dame, Indiana 


Received for publication September 16, 1957 


There is need for a simple, inexpensive unit in which 
germfree or disease-free animals can be transported 
via public conveyance, such as airplanes, railroads, or 
trucks, without contamination and without disturbing 
the shipping routines of these agencies. This would 
permit germfree animals to be reared at a production 
center and used in many institutions where the prime 
interest is in the use of such animals and not in rearing 
them. Further, it would permit an experiment to be 
carried out at a center equipped for germfree work and 
evaluation of these animals at another center where 
the animals do not have to be maintained germfree 
but used at the time they are received. Disease-free 
animals, or even animals contaminated with infections, 
could be transported by the same procedure. 

The apparatus and method described fulfills these 
needs. It features the use of “free filters,” that is, filters 
which require no air pumps to ventilate the apparatus 
in transit. 


MATERIALS AND METHODS 


The apparatus and method require: (a) a transport 
unit, (b) a transfer unit, used to place the animals into 
the transport unit, and (c) a receiving unit, into which 
the animals may be delivered from the transport unit. 
For most purposes the transfer and receiving units are 
the same piece of apparatus. Further, while the ap- 
paratus and its operation is considered herein only in 
relation to germfree animals, because such animals 
represent the most exact control, it is obvious that the 
method can be greatly simplified if it is only necessary 
to keep animals free from certain contaminants, but 
not all contaminants. 


Description of Apparatus 


(a) The transport unit. In the form described, this 
is a metal box provided with a lid to which a high 
efficiency air filter is attached. The shape and size of 
the box may be changed. The materials of which it is 
constructed may be plastic, or a throw-away material 
such as fiberboard, but because steam sterilization is 
the method of choice, metal is best. It may be made 


1 These studies were aided by a contract between the Office 
of Naval Research, Department of the Navy, and the Univer- 
sity of Notre Dame, NONR-1623(04), and by the Damon Run- 
yon Memorial Fund for Cancer Research grant No. 48. 
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without a sterile lock if the only purpose is to ship 
germfree animals to a center which does not require 
transferring them into a sterile environment. 

After careful consideration of various materials and 
construction, an aluminum roaster pan was selected 
because it is commercially available, light in weight, 
and sturdy. Such utensils are also made in various 
shapes and sizes of iron or stainless steel. Metal con- 
tainers stand shipment well without. springing leaks 
and are easily handled. The metal walls provide for 
heat transfer and do not insulate. Insulation around a 
container may cause a build up of animal heat. If the 
animals are provided with a thick bedding of wood 
shavings, they will ship well under the conditions nor- 
mally found in transit. 

The transport unit, Model RTR-2A,? is made from 
an aluminum roaster. The model numbers are: Wear- 
ever no. 4436 and no. 4433* which designates bottom 
and top, respectively. The roaster pan, with cover, 
measures 22!¢ in. by 20!% in. by 10 in. A smaller unit 
was used in some of this work because it weighed less. 
This is designated as Model RTR-1A (Wearever no. 
4426 and no. 4423) which measures, with cover, 107 
in. by 1934 in. by 10 in. and is equipped with an air 
filter frame 8 in. by 15 in. Since it isessentially the same 
as Model RTR-2A, the smaller unit is not described 
in detail. The roaster pan used for the RTR-2A trans- 
port unit is modified, as shown in figure 1, and, as 
described, includes a sterile lock which permits animals 
to be taken out of the unit into a receiving unit with- 
out contamination. The transport unit may be used 
without this lock if the need is simply to receive ani- 
mals for immediate use. 

An opening 18 in. by 17 in. is cut into the lid and is 
framed by 5¢ in. wide by 3¢ in. thick metal bars. This 
frame is held to the lid by bolts and acorn nuts. Two 
screens made of 1g in. mesh brass or stainless steel 
are cut to the outside dimensions of the frame. These 
are placed on each side of the air filter, also cut to the 
same size. The air filter is 14 in. thick glass fiber mat 
(No. 50 FG*) and is the same material used for filtering 

2 Reyniers Transport Apparatus, Model RTR-2A (221¢ in. by 
2014 in. by 10 in.), or Model RTR-1A (1934 in. by 107g in. by 
10 in.), Reyniers & Son, Chicago, Illinois. 

3’ The Aluminum Cooking Utensils Co., Inc., New Kensing- 
ton, Pennsylvania. 

4 American Air Filter Company, Louisville, Kentucky. 
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air on other germfree equipment. As the frame is bolted 
tight, the edges of the air filter are compressed and 
serve as an efficient gasket. The screens are necessary 
to support the filter and to prevent it from being dam- 
aged in transit, either through careless handling, or by 


vents blocking the filter by setting something over it 
in transit. 

The ledge around the roaster lid and bottom permits 
the two parts to be fitted together. In order to insure a 
tight fit a thin soft rubber gasket is cemented around 


the inner surface of the ledge of the bottom part. The 
top and bottom are held together by small C-clamps. 
In order to obtain even pressure, metal bars are used 
to fill the ledge around the roaster top. 

The bottom of the roaster has an opening cut into 
it. This may be round or rectangular and of a size to 
accommodate the sterile lock and permit access to the 


the animals. Additional support is afforded by insert- 
ing metal rods in the frame. The mesh size was selected 
after experiment and is the best for the purpose. 

Three metal braces equally spaced on the frame and 
115 in. above it may be mounted to support an alu- 
minum rain shield. The braces without the shield pre- 


Figure 1. Construction detail of Transfer Unit RTR-2A. A. Filter frame. B. Top of RTR-2A (roaster pan). C. Bottom of RTR-2A 
(roaster pan). D. Assembly section of sterile lock. Z. Section of retaining ring A (mounted on bottom of B) and retaining ring B 
(mounted in top of Transfer-Receiving Unit. F. Side view of ring sections showing male and female parts of bayonet which fasten 
the rings together to form a sterile lock. G. Top view of section of retaining ring A. H. Top view of section of retaining ring B. /, 
Section of filter frame with filter between 14 in. wire mesh screen; 2, filler bar around ledge; 3, rubber gasket; 4, retaining ring A 
and gasket ; 5, retaining ring B; 6, pipe for germicide; 7, top section of Transfer-Receiving Unit; 8, food tube; 9, space which is filled 
with germicide to sterilize it; 10, C-clamps; 11, water font; 12, water reservoir; 13, bottom of RTR-2A; 14, gasket; 15, section retain- 
ing ring A; 16, plate to close retaining ring A; 17, front view of male bayonet showing construction; /8, top view of retaining ring A 
showing male bayonet; 19, male parts of bayonet; 20, female part of bayonet on retaining ring B; 21, ring gasket; 22, pipe for germi- 
cide; 23, closure plate for retaining ring B; 24, front view of female bayonet; 25, top view of retaining ring B showing female bayo- 
net; 26, frame for filter; 27, glass fiber filter; 28, acorn nut; 29, wire screen; 30, bars to protect screen. 
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interior. For convenience, a round opening 8 in. in 
diameter is used. 

The sterile lock (RSL-2°) consists of two rings; one, 
the A-ring, is attached to the bottom of the roaster 
pan (RSL-2A) and the B-ring (RSL-2B) to the transfer 
or receiving apparatus. These rings are made to fit a 
box type receiving unit as shown in figure 2. The same 
design is used if the Reyniers Germfree Units are 
utilized, except that a flange is machined on the B-ring 
to fit the window frame of the apparatus as shown in 
figure 3. 

The A-ring is fastened to the bottom of the transport 
unit, to frame the round opening, against a thin rubber 
gasket by the use of screws. The bottom of the ring is 
closed by a plate, fastened against a gasket by screws. 
The A-ring carries the male part of the bayonet device 
for joining the A- and B-rings to form the seal. 

The B-ring is fastened against a gasket in the upper 
surface of the receiving or transfer unit. This ring is 
closed off by a plate screwed in place against a gasket. 
and is large enough in diameter to permit the closure 
plate of the A-ring to pass through the B-ring when 
the apparatus is assembled. The B-ring contains the 
female part of the bayonets. Also two small metal 
tubes are screwed through the wall of this ring opposite 
each other. This permits germicide to flow through the 
space between the rings and to sterilize it. 

The A- and B-rings are joined by the bayonet ar- 
rangement which squeezes them together against a 
ring gasket and operates in much the same way as the 
ordinary pressure cookers used in the home. 

(b) The transfer unit. This is the part of the system 
which permits animals to be placed in the transport 
unit, or removed from it, without contamination. 
Whatever the design used, it must allow for complete 
sterilization and attachment to the apparatus contain- 
ing the germfree animals by means of a sterile lock. 

An arrangement in which the Reyniers Germfree 
Unit, Model REX-200, is used as both a transfer and 
receiving unit is shown in figures 3 and 6. Another 
arrangement, shown in figures 2 and 5, in which a 
plastic box, such as is used for premature infants, has 
been modified for the purpose. A great variety of iso- 
lators can be used for the purpose. The Reyniers ap- 
paratus permits the use of steam under pressure while 
the plastic isolator must be sterilized with germicide. 

If the transfer unit is used only for placing animals 
in the transport unit, it does not have to be equipped 
with the sterile transport lock. It is only necessary that 
it can be attached toa germfree system by a sterile lock 
and that the transfer unit can be effectively sterilized. 
For this purpose any standard Reyniers Germfree 
Unit equipped with two windows may be used. 

If the transfer unit is also to be used as a receiving 


5 The code numbers RSL-2, and so forth, used in this report 
are the catalogue designations. 


unit, then a sterile transport lock will have to be built 
into it. For this purpose the B-ring is attached to the 
top of the apparatus in a position which can be reached 
through the rubber gloves attached to the unit. 


Figure 2. Transfer-Receiving Unit made from plastic pre- 
mature incubator. A. Transport Unit RTR-2A. B. Transfer- 
receiving unit. 1, Germicide; 2, screw pinch clamps; 3, sterile 
lock retaining rings A and B; 4, rubber gloves; 4, sterile lock 
for connecting to Reyniers Germfree System containing ani- 
mals; 6, germicidal trap; 7, air filters; 8, receiving jar for germ- 
icide. 


Figure 3. Reyniers Germfree Unit EX-200 used for Transfer- 
receiving unit. A. Transport unit RTR-2A. B. Reyniers 
free Unit EX-200. 1, Germicide; 2, screwclamp to pinch off 
rubber hose; 3, lights; 4, glove ports; 6, windows; 6, retaining 
rings to sterile lock; 7, reservoir for germicide; 8, sterile lock 
or food clave; 9, floor. 
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Operation of the Transport System 


(a) Placing the animals into the transport unit. The 
most certain way of doing this is to sterilize the trans- 
port unit in a Reyniers Germfree Unit, which is con- 
nected to the apparatus containing the germfree ani- 
mals. The top and bottom of the transport unit is 
separated as is the sterile lock plate on the A-ring and 
the watering apparatus. The germfree unit is then 
sterilized with steam under pressure and at the end of 
the 15 min, 252 F cycle the apparatus and contents 
are dried under 28-in. vacuum. It is essential that the 
air filter be thoroughly dry at the start and kept dry 
during use. 

After sterilization and drying, the animals are 
brought into the transfer unit and placed into the trans- 
port unit on a 2-in. thick bedding of wood shavings. 
Various size water bottles are available. If a large 
volume of water is necessary, multiple small containers 
should be used and glass is preferable because of its 
rigidity. If the trip is short and the number of animals 
less than maximum, smaller water bottles can be used 
to save shipping weight. Food in the form of the Lobund 
pellet® is placed into the feeding tubes. The transport 
unit is then closed and taped around the connecting 
ledge after which the C-clamps are tightened. The 
transport unit may then be removed and shipped. It 
is important that the water font be of the dripless 
type, as shown in figure 4, so that excessive moisture 
is not added to the animals’ environment. 

It is important also that the transport unit be kept 
upright and that it be kept out of the rain. If it is 
rained upon, the filter will no longer be effective. While 
we have had no trouble with these items, the unit 
could be fitted with a light metal shield to shed rain. 
The truck and air line personnel, however, have been 
very good about observing the instructions lettered on 
the outside of the unit. 

Steam is the best method of effecting sterilization. 
If, however, it is desired only to work aseptically on 
receiving the animals, the transport unit may be ster- 
ilized in an autoclave provided it is equipped to permit 
drying under vacuum. If germicides are used to ster- 
ilize the equipment, for example, peracetic acid vapor, 
it is essential that all traces of the germicide be removed 
from the air filters before sealing animals into the 
unit. Moreover, the material of the unit must be re- 
sistant to the germicide. 

(b) Removing the animals from the transport unit. 
An apparatus similar to the transfer unit may be used. 


® The Lobund food pellet is 214 in. by 1g in. diameter with 
an average weight of ca. 60 g. It is made of various diet con- 
stituents on a press. These pellets when autoclaved form a hard 
crust. There is less than 10 per cent loss when fed to rats and 
less than 5 per cent loss with mice. Waste refers to the amount 
of diet lost by weight and in food dropped or otherwise wasted 
by the animals. 


C 

Figure 4. A. Water font 114 inch O.D. by 4 inch assembled. 
B. Animal jar showing water font and feeder tube assembly. 
C. Feeding tube for Lobund pellets, 114 inch by 5 inch. 1, Nut; 
2, cap: This is arranged so that the font will be spaced away 
from screen to permit air circulation; 3, main body of font; 
4, hole in one wall of font 1 inch by 1% inch; 4, insert to cut 
down evaporation of spilled water; 6, cup for water; 7, sliding 
ting to serve as ledge for animals; 8, water bottle with 14 inch 
tube; 9, water font attached to screen; 10, food pellet holder. 


Figure 5. Photograph of RTR-2A Transport Unit on plastic 
transfer-receiving unit. 
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For maximum security we have used a Reyniers Germ- 
free Unit. Whatever the unit used, it must be fitted 
with a retaining ring. Such a ring may be sealed to a 
window of the Reyniers Germfree Examining Unit, 
REX-200, as shown in figures 3 and 6, or it may be 
sealed to the top of a box as shown in figures 2 and 5 
which in this instance has been made from a plastic 
premature incubator. When the transfer unit is sealed, 
it may be sterilized. 

When the transport unit, RTR-2A, is received, it is 
attached to the retaining ring of the transfer unit by 
means of the bayonets. Germicide is then allowed to 
flow slowly through the space which creates the sterile 
lock as shown in figure 1. For this purpose the germi- 
cide must not react with the metal. Since the unit 
described is made of aluminum, a 3 per cent formalde- 
hyde in 1 per cent Roccal’ is used. After the germicide 
has flowed through the ring for several minutes, the 
connecting hoses are clamped off and the apparatus 
allowed to stand for 20 min after which the germicide 
may be drained from the lock and the hoses again 


7 Winthrop-Stearns, Inc., New York City, New York. 


clamped shut. The apparatus is now ready to receive 
the animals. 

The inner plate on B-retaining ring is first removed 
and then the closing plate of the A-ring attached to 
the transport unit is removed. If this is done slowly, 
animals will generally stay at the edges of the con- 
tainer. The wood shavings are caught in a container 
and the animals removed by hand through the rubber 
gloves. Once this is accomplished, the B-ring plate may 
be screwed back into place. The animals may be used 
in the transfer unit, or they may be put into another 
unit. Then the transport unit can be removed from the 
transfer unit and made ready for another shipment. 


RESULTS 


(1) Survival of rats and mice in RTR-GA transport 
unit. The length of time and the number of animals 
which can be held in this unit will vary with the amount 
of food and water which can be sealed into the system 
during sterilization. For most purposes, maximums 
of 7 days for 12 rats or 50 mice in the RTR-2A unit 
can be considered. In one week almost any location 
in this country can be reached by truck, railroad, or 
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airplane. Most foreign countries can be reached in 7 
days by a combination of truck and airplane. It is 
obvious that larger numbers of animals up to the limit 
of the filter area may be held in the container for shorter 
periods of time. However, there is an optimum which 
is determined by weight (if air transport is used) and 
for most purposes 12 rats and 50 mice might be so con- 
sidered. Thus, if contamination occurs the loss is not 
so great and the weight, of which water is a large con- 
tributor, may be held down. 

lor most purposes it is satisfactory to calculate on 
18 ml of water per adult rat (150 to 200 g) per day and 
18 g of food. The water value is held low (average con- 
sumption is about 25 to 30 ml per day per rat) because 
most trips are not over 3 days duration. 

It is important that water does not leak to the saw- 
dust and add to the humidity. Consequently, we have 
designed a font for this purpose which is shown in fig- 
ure 4. While the size of the water container may vary 
with the needs, it is better to provide multiple con- 
tainers with a maximum of 500 ml per container. Glass 
containers such as flat bottles, or Pasteur culture bot- 
tles are by far the most satisfactory for the purpose. 

The water font described permits only one animal to 


drink at a time and does not permit it to brush against 
the water tube. The waste is caught in a reservoir. Ex- 
perience has shown that less than 2 per cent is wasted 
in transit. 

The most satisfactory food supply is the Lobund 
pellet which is fed from a siinple tube as shown in fig- 
ure 4. With this arrangement there is little waste and 
the pellets are not soiled by excreta. 

For safety, 20 sq in. of filter per adult rat is adequate 
under the experienced conditions of shipment or when 
held in the laboratory. This figure is intended for the 
high efficiency of 50 FG, A.A.F. which is 4 in. thick. 
Other filters without the degree of efficiency but which 
offer less resistance to the passage of air will alter the 
surface needed per animal. 

As a test of the RTR-1A and 2A transport units 
from 6 to 12 conventional, adult rats of one sex or a 
mixture of sexes have been placed in these units for 
periods of 7 to 12 days as shown in table 1. These ani- 
mals were fed ad libitum and the quantities of food and 
water consumed noted. In all cases water retaining 
fonts and food tube pellets were used. The tests were 
conducted in the laboratory at a temperature of 75 to 
80 F. From this it can be seen that these units are ade- 


TABLE 1 
Effect of transport units RTR-1A and RTR-2A on conventional rats 


Conventional Rats in Reyniers Transport Unit 


| | amt of | Amt of | 
Expt No. Sex | po Model unit Diet Remarks 
| "rat rat 
| 
| ¢ | | a | 

I 12 12 6 | € | 15.2 | 25.2 | 127.6 | 136.0 | 148.3 | 142.2| RTR-2A | 21.3 | Purina All survived 
II 12 12 6 | 6 | 14.2 | 30.0 | 146.4 | 174.4 | 150.0 174.4 | RTR-2A 21.3 Purina All survived 
Ill 7 6 | 0 | 6 | 12.7 | 14.5 165.4 | 165.4; RTR-1A | 14.0 L-356* All survived 
IV 7) 7 | 0 | 7 12.6 | 11.07 166.6 165.8) RTR-IA 14.0 survived 


* Diet L-356—amt per 109.8 g: Constituent: Casein (Labco), 20 g; corn oil, 5 g; rice flour, 58 g; cellophane spangles, 5 g; albim_ 
yeast extract, 2g; desiccated liver, 2 g; distilled H.O, 10 ml. Minerals—Salts L-IIT: CaCO;, 1.5 g; CaHPO,, 0.275 g; K2LHPO,, 1.125 g’ 
NasHPO,, 1.0 g; NaCl, 0.25 g; KI, 0.00375 g; MgSO, (70% assay), 0.375 g; MnSO,-H.O, 0.0625 g; Fe(CsH;0;)2, 0.375 g; CuSO,’ 
0.0192 g; COCI.-6H20, 0.0025 g; ZnSO,-H20, 0.005 g; Na2B.O;-10H2O, 0.0025 g; AIK (SO,)2-12H20, 0.00375 g. Vitamins—Ladek 3: 
vitamin A, concentrate, natural ester form 800 I.U.; vitamin D, delsterol 100 I.U.; vitamin E, mixed tocopherols, 150 mg; vitamin K, 
menadione, 10 mg; corn oil carrier, 1.6 g. B Mix—76: thiamin, 6.0 mg; riboflavin, 3.0 mg; nicotinamide, 5.0 mg; nicotinic acid, 5.0 mg; 
calcium pantothenate, 30.0 mg; choline chloride, 200.0 mg; pyridoxine hydrochloride, 2.0 mg; pyridoxamine dihydrochloride, 0.4 
mg; biotin, 0.1 mg; folic acid, 1.0 mg; para-aminobenzoic acid, 5.0 mg; 0.1% trituration By in mannitol, 25.0 mg; corn starch carrier, 


217.5 mg. Add separately: ascorbic acid, 0.2 g and 7i-inositol, 0.1 g. 


TABLE 2 
Shipment of monocontaminated and germfree animals via truck and air line 
| 
Expt No. No. Animals | Status Animals of Apparatus Model | Remarks 
| | hr 
I: 6/4/57 6 6 | Monocontami- Negative Excellent RTR-2A | 23 | All animals alive. 
| nated Birth transit. 
| | | Reared young. 
IL: 7/23/57 1 | 4 | Germfree Negative Excellent RTR-1A 24 | All animals alive. 
III: 8/20/57 3 | 8 | Germfree Negative Excellent RTR-1A 24 All animals alive. 
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quate to maintain these animals for the periods stated 
which meet most shipping schedules. All animals sur- 
vived and were healthy and active on termination of 
the experiment. In all instances these animals were 
maintained under standard laboratory conditions when 
removed from the transport units. No detrimental 
effect of confinement was noted other than a lesser 
weight gain. It is of interest that the animals used were 
from a clean stock. It is also important to note that, if 
water is deliberately spilled into the wood shavings 
before confining the animals, high humidities will result 
with death of some animals. This emphasizes the need 
for a water retaining device. 

(2) Shipment of animals by truck and air. A series of 
experiments showed that rats and mice could be held 
in the transport unit RTR-2A free from contamina- 
tion. An attempt was then made to ship monocontami- 
nated and germfree animals to the U. S. Naval Radi- 
ological Defense Laboratory, San Francisco, California. 

From South Bend, Indiana, the following schedule 
could be maintained: Animals are placed in the trans- 
port unit at 3:00 p.m. and delivered to the trucking 
service at 4:30 p.m. They were held in the trucking 
offices until 6:00 p.m. and taken to Chicago, Illinois, 
via truck, arriving there about 9:30 p.m. They were 
held in the baggage room until 8:25 a.m. when they 
were loaded on the plane to arrive at San Francisco 13 
hr later. They were met at the airport by the personnel 
of NRDL and taken to the laboratories where they 
were examined. The total elapse of time was approxi- 
mately 22 hr. The above timing was designed to fit the 
standard air freight schedule. 

Three such runs are reported, the first made with 
monocontaminated rats, the other two with germfree 
rats. In the first shipment, RTR-2A unit was used and 
in the other shipments the RTR-1A unit, which is half 
the size, was used because of less weight. In most in- 
stances 6 animals were used per shipment. The results 
are given in table 2. In no instance was a contamination 
reported. During one shipment a delivery took place 
and the mother reared the young successfully. In all 
instances the animals were in excellent condition and 
showed little effect from the journey. These shipments 
were made from June to August 1957. 


DIsScuUSSION 


The simple transport unit described is satisfactory 
for transporting germfree, monocontaminated, and 


disease-free animals within the limitation of the experi- — 


ments described, and without contamination en route. 
Only time and continued use of the apparatus will re- 
veal its limitations and advantages. Moreover, the 
apparatus is simple and inexpensive and can be readily 
used for the purpose. From results to date, both in 
actual shipment and in the laboratory, it is possible to 
ship animals without contamination at least as far as 
the west coast and using a combination of truck and 


airplane. No special precautions were used in the work 
reported as far as special handling in transit is con- 
cerned. 

The transport unit features the use of “free filters,” 
that is, filters that require no mechanical devices for 
ventilation. This makes possible the design of germfree 
equipment simpler in operation than that presently 
used. There is a special advantage in the use of free 
filters on germfree equipment, apart from simplicity, 
and this lies in the maintenance of even pressures when, 
for example, the hands are inserted into the gloves. In 
the usual operation, the changes in pressure resulting 
from the use of the gloves spills water from the con- 
tainers and puts a strain on the outlet filter, or trap. 

With a simple, inexpensive method for transporting 
germfree or disease-free animals now possible and avail- 
able, the use of these special animals can be widespread. 
It is possible to produce such animals at a center 
equipped for the purpose, to run the experiment at 
such a center, and to ship the animals to the laboratory 
for special evaluation. This method, for example, was 
designed to meet the needs of oncological work where 
the animals are bred through generations and reared 
to the point of usefulness at which time they may be 
sent to special institutions interested in tissue culture, 
electromicrography, and biochemistry. 
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SUMMARY 


The construction and operation of a light weight, in- 
expensive transport unit, equipped with “free filters” 
is described. Germfree, disease-free, and monocontami- 
nated animals can be shipped via public conveyance 
without contamination or detrimental effects. 

The data indicate that 12 rats or 50 mice can be held 
for periods up to 7 days. The specially designed water 
retaining fonts and food tube pellets are adequate for 
meeting shipping schedules. This would permit germ- 
free animals to be reared at a production center and 
shipped to other institutions for evaluation or study. 
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A cellophane membrane has proved a simple device 
for separating the L variant of Streptobacillus monili- 
formis from the bacterial form, as reported by Pérez- 
Miravete and Calderén (1956). When a culture was 
inoculated on cellophane resting on clear medium, they 
observed the development of the L type colonies only 
on the agar, whereas bacterial growth flourished on the 
surface of the cellophane. It was apparent that growth 
factors had passed through the membrane to the bac- 
teria and that the L form of the organism had selectively 
filtered through the pores of the cellophane. 

A similar procedure proved expedient for the study 
of the L variant colonies of the genus Proteus. 


MATERIALS AND METHODS 


Media: Two types of media were employed success- 
fully: The synthetic medium of Medill and O’Kane 
(1954) consisting of casamino acids, salts, lactic acid, 
and glucose which supports the growth of some L forms 
without the addition of serum or serum components; 
and PPLO agar (Difco), enriched with PPLO serum 
fraction (Difco). 

Antibiotic: The inducing agent for L variation was 
Bicillin? employed in concentrations varying from 200 
to 120,000 units, placed in a central trench of the agar 
plate. 

Cellophane: Two products gave good results: Cello- 
phane (300 M.S.D.*) and Saran Wrap.* These were 
sterilized by autoclaving squares between layers of 
aluminum foil. Slight shrinkage resulted from auto- 
claving. Certain other brands of cellophane were un- 
satisfactory, permitting passage of the normal bacteria 
perhaps because the material did not resist autoclaving. 

Inoculation of plates: After the penicillin was intro- 
duced into the plate, a cellophane square was dipped in 
0.85 per cent sterile saline and placed over the culture 
medium and antibiotic. 

The strains employed included isolates of Proteus 


1 Contribution No. 14, Department of Biology, Wayne State 
University, Detroit, Michigan. 

*Combined dibenzylethylenediamine dipenicillin G, pro- 
caine penicillin G, and potassium penicillin G. Wyeth Labora- 
tories, Inc., Philadelphia, Pennsylvania. 

7E. I. du Pont de Nemours & Co., Inc., Wilmington, Dela- 
ware. 


* Dow Chemical Co., Midland, Michigan. 


mirabilis, Proteus vulgaris, Proteus morganii, and Proteus 
rettgeri. These were grown on tryptose agar slants for 
24 hr. The entire growth from a slant was suspended 
in 0.5 ml sterile saline and 0.1 ml of the suspension was 
streaked over the surface of the cellophane. 

Plates were incubated aerobically at 37 C. 


RESULTS 


With either medium, a very heavy layer of bacterial 
growth rapidly developed on the surface of the cello- 
phane. When the cellophane and bacteria were lifted 
off at the end of 3 to 7 days, no microbial growth of any 
type was detected on the culture medium. Plates were 
then reincubated for 2 to 4 days, again aerobically at. 
37 C, at which time typical large L colonies were nu- 
merous. 

Every strain of Proteus tested, 14 strains in all, had 
an L variant which filtered through the cellophane 
Characteristic differences among L variants were found 
to be species-dependent and will be the subject of a 
future paper. 


DIscussION 


Utilization of cellophane prevents overgrowth of L 
colonies by the typical bacilli, which occurs if the cul- 
ture is streaked directly on medium. Without cello- 
phane, normal bacterial growth develops first at the 
periphery of the plate and tends to swarm into the in- 
hibition zone before development of L colonies. 

Pérez-Miravete (Personal Communication) has re- 
ported that S. moniliformis L colonies develop while 
the cellophane is still in place, in contrast to our find- 
ings with strains of Proteus. This difference between 
strains of Proteus and S. moniliformis is not explained 
by differences in oxygen requirements, since L var- 
iants of Proteus grew well anaerobically. 

Cellophane becomes a semipermeable membrane 
after autoclaving removes its waterproof surface coat- 
ing. However, even after autoclaving, cellophane did 
not permit passage of L granules since they measure a 
minimum of 0.15 uw (Dienes, 1953) and the maximum 
pore diameter of cellophane ranges from 40 to 60A 
(McBain and Kistler, 1929). Saturation of the mem- 
branes in solutions of certain ions results in greatly 
increased pore size (McBain and Stuewer, 1936) and 
thus cellophane must be treated with saline before it 
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permits filtration of L forms. In our experience, dry, 
untreated cellophane prevented filtration and certain 


buffer solutions tested could not be substituted for 
saline. 


SUMMARY 


Certain types of cellophane proved useful in selec- 
tively permitting passage of the L particles of Proteus 
species, permitting their development in pure culture 
beneath the cellophane. 

All 14 strains tested, including representatives of the 
species Proteus mirabilis, Proteus vulgaris, Proteus rett- 
geri, and Proteus morganii, demonstrated filtrable units 
which grew into pure cultures of the L phase. 


[VoL. 6 
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